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Experimental Infection of Pigs with Ascaris Suum 


BENJAMIN SCHWARTZ, Ph.D. 
Beltsville, Maryland 


THIS INVESTIGATION was undertaken prima- 
rily to determine the fate of the larvae and 
the juveniles of Ascaris suum which fre- 
quently fail to achieve their development, 
in whole or in part, in their porcine host. 
Under experimental conditions, pigs ap- 
peared to show a resistance to A. swum, one 
of the most common of their internal para- 
sites, that is almost unparalleled in any 
other natural host-parasite system. 

The data recorded here do not account 
for the fate of the vast majority of the 
worms which presumably hatched in the 
intestine of pigs following experimental 
inoculation with infective A. suum eggs. 
They show, however, that many of these 
worms were eliminated during their early 
development, especially while they were 
undergoing, or had already undergone, the 
fourth (final) molt and also when they 
‘ were well along toward development to 
maturity. The data provide more accurate 
information than was heretofore available 
on the growth of A. swum in the pig’s 
intestine. This should make it possible to 
appraise the age of the worms at various 
stages of development in the intestine of 
the host, and help interpret the work of 
other investigators. 


REVIEW OF LITERATURE 


Since 1916, when Stewart” first described the path 
of migration of newly-hateched Ascaris lumbricoides 
larvae, many workers have corroborated his ob- 
servations. Stewart’s studies on the host-parasite 
relationship of A. luwmbricoides and A. suum in 
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rats greatly extended the observations made by 
Davaine half a century earlier. According to 
Leuckart,> Davaine found living Ascaris larvae 
and others in the process of hatching in the in- 
testines, and living larvae in the feces of rats fed 
embryonated eggs. 

However, in attempts to raise A. swum larvae in 
pigs to maturity, or even to a state approaching 
maturity, Stewart * did not achieve an appreciably 
greater success, at first, than did Leuckart several 
decades before him. Leuckart failed to find ascari- 
des in the intestine of a pig fed thousands of em- 
bryonated eggs three weeks earlier; he, therefore, 
concluded that the life cycle of this worm probably 
involved an intermediate host—a view shared by 
von Linstow. In experiments carried out by 
Stewart,*” involving attempts to raise A. swum in 
the intestines of pigs, the seemingly positive re- 
sults that he obtained in a few cases pointed to a 
source of infection other than the embryonated 
eggs which had been administered. Like Leuckart, 
Stewart considered the possibility that ascarides 
might have an indirect life cycle, largely because 
of his failure to raise the larvae beyond 14 days 
in pigs. ™: later experiments, he succeeded in ob- 
taining worms up to 7 mm. long from the intes- 
tines of pigs fed embryonated eggs 19 days earlier. 

Ransom and Foster’ reported a number of fail- 
ures and no clear-cut positive results in developing 
asearides in the intestine of the porcine host. The 
most conclusive ecidence they obtained involved 
hosts other than pigs. A kid, fed A. swum eggs 28 
and 11 days before necropsy, contained numerous 
larvae in the lungs, trachea, pharynx, esophagus, 
rumen, and abomasum, and a significantly larger 
number of worms in the intestine. In the intestine 
thousands of worms were present which averaged 
nearly 8 mm. in length and had developed, pre- 
sumably, from the eggs of the first feeding, 28 
days-prior to necropsy. 

In another conclusive experiment, with a lamb 
fed numerous A. suwm eggs 103 days before 
necropsy, they recovered 50 partially grown aseari- 
des; the males measured up to 100 mm., the 
females up to 130 mm. These two experiments 
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demonstrated a direct developmental cycle, even 
though two unusual hosts were involved. 

Martin® carried out several series of extensive 
experiments that involved feeding pigs either A. 
suum eggs or lungs of rabbits and calves which 
were experimentally infected with Ascaris larvae. 
Although Martin either failed to find worms at 
necropsy or recovered only 2 or 3 worms in 6 of 
7 pigs fed large numbers of A. swum eggs, he 
discovered 73 worms in the intestine of 1 pig. 
The size of these worms suggested that they had 
developed from the inoculum. In another series 
of tests, using 5 pigs fed rabbit and pig lungs 
infected with A. swum larvae, Martin recovered 52 
and 100 worms from 2 pigs and 7, 10, and 17 
worms from the remaining 3 pigs. These worms 
also were of a size that suggested that they came 
from the inoculum. 

Roberts * reported the recovery of numerous as- 
earides from the intestines of 2 pigs killed 14 and 
21 days after infection with eggs and only 13 
worms from a pig killed 29 days after infection 
with eggs. In 6 other pigs, killec 34 to 76 days 
after infection, no worms were recovered from the 
intestines of 5 pigs, and only 3 worms were re- 
covered from the pig killed 62 days after infection. 

De Boer’ reported negative results in attempts 
to infect 11 pigs farrowed by a sow that was free 
of Ascaris. In another trial, the 7 pigs used were 
farrowed by a sow which passed Ascaris eggs in 
her feces after anthelmintic treatment and became 
negative after retreatment. He reported positive 
results after the administration of eight doses of 
5,000 eggs to each of 4 pigs, seven doses of 5,000 
eggs to 1 pig, and nearly one half million eggs to 
each of the other 2 pigs. .These doses were given 
over a period of two to three months. In a third 
trial, 7 pigs, farrowed by a sow which at no time 
passed Ascaris eggs, were maintained on a diet 
deficient in vitamin A to test the hypothesis ad- 
vanced by a Japanese investigator that pigs on 
such a diet were susceptible to infection with the 
human and swine Ascaris. Each of the 7 pigs was 
given a total of 49,000 A. suum eggs in eight di- 
vided doses. No ascarides were found when these 
pigs were necropsied, 45 days after the first dose. 

Spindler” fed each of 4 pigs daily doses of 
12,000 Asearis eggs for 11 days in succession, then 
for an additional seven days after a week’s rest. 
About four months later these pigs, each exposed 
to over 200,000 eggs, harbored 109, 39, 20, and 12 
worms, respectively. 

Kelley * reported failure to infect 6 pigs, 18 
days old, after inoculating each pig with 30,000 
embryonated eggs of A. swum. These pigs had 
been obtained by hysterectomy, deprived of the 
sow’s colostrum, and maintained on a milk diet. 
Although the pigs showed respiratory difficulty, 
none showed Ascaris eggs in their feces, and all 
were free of Ascaris when necropsied 86 days after 
inoculation. Seventeen pigs, also obtained by hys- 
terectomy and deprived of colostrum, were placed 
on a diet of rolled oats when 8, 14, or 35 to 65 days 
old. They became infected and, when necropsied 


22 to 75 days after inoculation with 100,000 em- 
bryonated eggs, each harbored an average of 139 
worms in the intestines. 


MATERIALS AND METHODS 


In trials that involved experimental infection 
with A. swum, the pigs used were farrowed by sows 
which either were initially free of these worms or 
were freed of them before farrowing. One to two 
weeks before farrowing, the sows were brought 
into a sanitary barn. Beginning about 12 to 24 
hours after farrowing and daily thereafter until 
weaning time, the sow and pigs were alternated 
between two adjacent, communicating pens. These 
pens were concrete throughout. The unoccupied pen 
was thoroughly cleaned, first with a stream of cold 
water, then with hot water, and allowed to dry 
overnight. 

The pigs remained free of Ascaris when re- 
moved immediately after weaning to clean, out- 
door, individual pens which had concrete floors 
several feet above the ground. No extraneous in- 
fection was discovered in any of the pigs involved 
in these trials. 

One week after the pigs were experimentally in- 
fected with A. suwm eggs or fed lungs from guinea 
pigs, the feces from each pig were collected and 
examined daily for eggs. The examination for 
larvae, beginning about three weeks after inocula- 
tion, was made with the aid of sereens with meshes 
of various sizes. The finest mesh retained larvae 
only a few millimeters long. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Experiment 1.—On the day of weaning, 
when 56 days old, pigs 1023, 1024, and 1025 
(litter mates) were each given more than 
10,000 A. swum eggs by stomach tube. Of 
these eggs, 7,500 were embryonated and 
approximately 2,800 nonembryonated. The . 
eggs had been cultured for 43 days at room 
temperature in a 0.5 per cent solution of 
formalin. Examination of the pigs’ feces, 
beginning 24 hours after infection, showed 
that a large part, if not all, of the nonem- 
bryonated eggs were eliminated by pigs 
1024 and 1025 within two days. During this 
time, no eggs were observed in the feces of 
pig 1023. Eight to 12 days after feeding 
the eggs, the pigs eliminated 8, 63, and 2 
larvae, respectively. No other worms were 
found in the feces until 21 to 22 days after 
experimental infection. Pig 1023 elimi- 
nated 872 immature worms 22 to 43 days 
after infection ; 218 was the largest number 
of worms passed in one day. Pig 1024 elimi- 
nated 28 immature worms 23 to 38 days 
after infection; 13 was the largest number 
of worms passed in one day. No other 
worms were discovered in the feces for 
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the ensuing 30 days. Both pigs began elimi- 
nating worms again at 64 days after in- 
fection, with pig 1023 passing 28 worms 
in 12 days and pig 1024 eliminating 38 in 
6 days. Again, beginning 104 days after 
infection, pig 1023 eliminated 4 worms in 
eight days; pig 1024, beginning 105 days 
after infection, eliminated 12 worms in 
three days. The total number of worms 
passed by pig 1023 was 913; pig 1024 
passed 141 worms. 

Pig 1025 began passing worms 21 days 
after infection, one day earlier than the 
other 2 pigs. The spontaneous elimination 
of worms continued uninterruptedly for 50 
days ; 837 was the largest number of worms 
passed in one day. A total of 1,790 worms 
passed in this period which corresponds 
closely to the termination date of the sec- 
ond passage of worms from the other 2 
pigs. No more worms were found in the 
feces of pig 1025. 

In general, the length of the worms 
passed by the 3 pigs gradually increased 
with their ages. This was particularly true 
after they had reached an age of 35 days 
within the host. The average length of 17 
worms eliminated 24 days after infection 
was 9 mm.; after 35 days the average 
length was 60 mm. and after 43 days it 
was 84 mm. 

Eggs were first discovered in the feces 
of each of the 3 pigs 49 days after experi- 
mental infection. They continued to be 
eliminated, at first in graduall:’ increasing 
numbers, until the date of necropsy which, 
for pigs 1023 and 1024, was 84 days after 
the eggs were first dropped and which was 
was one day earlier in pig 1025. At nec- 
ropsy, all pigs harbored adult worms of 
both sexes. Those in pig 1025 consisted of 
14 females up to 39.0 em. long and 13 males 
up to 21.0 em. long; in pig 1024, 27 females 


pontaneous worm passage Prepatent 


TABLE 1—Data on Weanling Pigs Infected with Ascaris Suum 


up to 34.0 em. long and 13 males up to 24.0 
em. long; and in pig 1023, 15 females up 
to 32.5 em. long and 16 males up to 23.0 cm. 
long (table 1). 

Experiment 2.—On the day of weaning, 
when 52 days old, pigs 1065, 1067, and 1069 
(from a litter of 8 pigs) were each given, 
by stomach tube, about 10,260 eggs from 
a culture prepared 83 days earlier. The 
culture medium was tap water with no 
preservative added. Approximately 10,000 
of the eggs given to each pig were embryo- 
nated. Although the feces of the sow which 
farrowed these pigs were free of Ascaris 
eggs, they contained the eggs of Oesopha- 
gostomum, estimated at about 18 per gram. 
No Oesophagestomum eggs were found at 
any time in the feces of the pigs used in 
this experiment. 

One unembryonated egg and several that 
were partially or fully embryonated were 
found in the feces of pig 1069 on postin- 
fection days 3 and 5, but during the. first 
few days no eggs of any kind were found 
in the feces of the other 2 pigs. 

On postinfection day 22, pig 1065 passed 
38 immature worms. This pig continued to 
pass worms during the next 26 days, with 
the exception of five days, three of which 
were consecutive. A total of 295 worms 
were passed ; the largest number of worms 
passed in one day was 50, and the lowest, 1. 

Pig 1067 began passing worms 25 days 
after infection and eliminated 11 worms 
during a period of 17 days. Pigs 1069 
passed a total of 3 worms 30, 32, and 47 
days after inoculation. The worms in- 
creased in size as they became older. The 
average length of the worms from pig 1065 
on postinfection day 25 was 7 mm.; on day 
35, 25 mm.; and on day 45, 56 mm. 

Eggs were discovered in the feces of 
pigs 1065 and 1067 on postinfection day 


Necropsy findings 


Length of worms 


Postinfection No. (No. of Postinfection No. of Females Males 

Pig No. day passed days) day worms (em.) (cm.) 
1023 22 913 49 133 81 16.0—32.5 11.0-23.0 
1024 23 141 49 133 40 17.5-34.0 15.0—24.0 
1025 21 1,790 49 132 27 21.0-—39.0 12.0-21.0 
1065 22 295 50 87 75 20.5-30.0 15.0—-20.5 
1967 25 11 50 51 109 7.0-17.5 7.5-14.0 
1069 30 3 52 87 31 22.5-28.0 15.5-19.5 
1064 25 33 47 84 115 19.0--30.0 13.0—22.5 
1066 23 448 51 67 204 10.0-—23.0 10.5—17.5 
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50, and in the feces of pig 1069 on post- 
infection day 52. No eggs had been seen 
in a salt flotation examination of the feces 
of pigs 1065 and 1067 on postinfection day 
45, or of the feces from pig 1069 on day 48. 

Pig 1065, necropsied on postinfection 
day 87, harbored 75 worms; 37 were fe- 
males, the longest measuring 30 cm., and 
38 were males, the longest measuring 
slightly over 20 em. On the same day, pig 
1069 had 31 worms; 18 were females, up to 
nearly 30 cm. long, and 13 were males, up 
to 19.5 em. long. Pig 1067 died on post- 
infection day 51, the day after eggs were 
found in its feces. Of the 109 worms found 
at necropsy, the 65 females were up to 17.5 
em. long and the 44 males, up to nearly 14 
em. long. 

Experiment 3.—Pigs 1064, 1066, and 
1068, litter mates of those used in experi- 
ment 2, were infected with Ascaris larvae 
by feeding each pig one third of a pooled 
sample of the lungs of 9 guinea pigs which 
had been given approximately 7,500 em- 
bryonated Ascaris eggs 7 days previously. 
At necropsy, the lungs of the guinea pigs 
showed extensive hemorrhages and other 
evidence of infection with Ascaris larvae ; 
9 larvae were found in a few shreds of lung 
tissue in press preparation. While these 
pigs were under observation, no worm eggs, 
other than those of Ascaris, were found in 
their feces at any time. 

Pigs 1064 and 1066 began eliminating 
asearides 25 and 23 days after infection. 
In approximately 11 days, pig 1064 elimi- 
nated 20 worms and pig 1°56 -liminated 
445 worms. Each of these 
worm on three other occasions, s} ced days 
apart. At necropsy of pig 1064, 84 days 
after infection, 115 adult worms were 
found; the longest of the 78 females was 
30 em., and the longest of the 37 males was 
22.5 em. Pig 1066, necropsiel 67 days 
after infection, harbored 204 grown ascari- 
des of which 172 were females measuring 
up to 23.0 em. and 32 were males measur- 
ing up to 17.5 em. The worms passed 23 to 
25 days after infection were 7 to 9 mm. 
long, and those passed 45 days after in- 
fection were 41 to 64 mm. 

Asearis eggs were found in a salt flota- 
tion preparation of the feces of pig 1064 on 
postinoculation day 47 and in the feces 
of pig 1066 on day 51 but not on postin- 
oculation days 47 and 49. 

Pig 1068, which was kept under ovser- 


vation for 74 days, eliminated no worms 
or eggs at any time. At necropsy it har- 
bored a single female Ascaris, somewhat 


over 24 em. long. Numerous elongated, 
nonfertilized eggs were found in the uterus 
of this female. 


DISCUSSION 


The data show that 6 newly weaned pigs, 
each given an inoculum of 7,500 to 10,000 
infective A. swum eggs, developed a patent 
infection. Two of 3 pigs fed lungs of guinea 
pigs that were infected a week earlier with 
the same species also became infected and 
harbored relatively large numbers of 
worms ; the third pig harbored a single fe- 
male worm. 

In each pig, the size of the worms re- 
moved at necropsy was in keeping with 
their life span in the pigs’ intestines. The 
number of worms recovered was large, 
with one exception. 

There can be little room for doubt, there- 
fure, that the newly weaned pigs used in 
these experiments were susceptible to 
worms in the intestines, as well as to larvae 
in the lungs and livers, especially when the 
amazing regulavity of the first appearance 
of eggs in the feces, approximately seven 
weeks after infection, is considered. In the 
intestine the worms developed up to, and 
far beyond, egg-laying maturity. Whether 
the failure of some other investigators to 
raise A. suum to maturity and beyond in 
the iniestines of pigs was due to their at- 
temps to infeet suckling pigs, to the inocu- 
lation of pigs older than those involved in 

1e present experiments, or to some other 
cause, can not be stated. 

The elimination of worms on a significant 
scale, other than that which occurred 
shortly after the return of the larvae from 
the lungs to the intestine, usually did not 
become evident until about four weeks 
after infection. The time when this elimi- 
nation was first noticed was too uniform to 
result from chance. It must be concluded 
that the natural elimination of ascarides 
from the test pigs is highly significant, even 
though it can not yet be satisfactorily 
explained. 

The period of 21 to 30 days before the 
test pigs passed worm corresponds roughly 
to the beginning of the fourth, or final, 
molt of A. swum. Roberts® found what 
were presumably fourth-stage larvae in 
the intestine of a pig 14 days after it had 
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been infected with the eggs. These larvae, 
up to 3.2 mm. long, showed morphological 
development beyond that of the third-stage 
larvae in the lungs. After 21 days, Roberts 
found that although some larvae in the 
intestine of a pig had attained a maximum 
length of 6.5 mm., their morphological 
status still remained unchanged from that 
seen a week earlier. During the eight days 
that followed the 21-day period, he found 
worms in the fifth stage, some with a maxi- 
mum length of 25.5 mm., and others, up to 
22.5 mm., still in the process of casting off 
their final skin. These sizes correspond 
with those of the large worms eliminated 
approximately 28 days after infection of 
the pigs involved in the present experi- 
ments. 

Less is known of the molting process 
within the host than of that occurring dur- 
ing the preparasitic development. During 
the free-living stages of strongylid nema- 
todes the molt is preceded by a lethargus, 
when a considerable mortality of the lar- 
vae may take place. On the assumption 
that something corresponding to a lethar- 
gus also precedes molting within the host, 
it would appear logical to assume that the 
beginning of the spontaneous elimination 
of the worms from the intestine is associ- 
ated with the molting process, and may 
even be a consequence of this molting 
process. 

Another intriguing hypothesis is that 
the elimination of worms which occurred 
in most of the pigs may have been brought 
about as a consequence of the development 
of an immunity produced by the invasion 
¢. newly hatched Ascaris larvae of the 
liver, lymph glands, and other organs. 

A recent paper by Taffs ** reports that, 
in common with guinea pigs and rabbits, 
pigs showed antibodies in their serums as 
a result of infection with Ascaris. These 
antibodies, demonstrable by the congluti- 
nation-complement absorption test, ap- 
peared in the circulation of pigs in 10 days 
and reached a peak approximately 21 days 
after inoculation. This peak corresponds 
to the beginning of the spontaneous elimi- 
nation of the juvenile ascarides recorded 
here. Although larvae were eliminated by 
only 2 of 3 pigs that were fed infected 
guinea pig lungs, 1 pig began passing lar- 
vae 26 days after infection, and the other 
pig began to pass them three days later. 
In both instances there was a delay, as 
compared to the beginning of the passage 


of worms from 5 of 6 pigs infected with 
the embryonated eggs. 


THEORY OF THE Ascaris LIFE CYCLE 


The early migratory course of Ascaris 
larvae is difficult to explain on any basis 
other than that it presents a panoramic 
view of the evolutionary history of these 
worms. Certainly, the roundabout journey 
of the larvae from the intestine to the 
lungs and back again to the intestine does 
not appear to be an adaptation that has 
survival value for the species under con- 
sideration. On the contrary, this migration 
results in the dispersal of the parasites 
through the body, inside as well as outside 
of the hepatic-pulmonary and the lymph- 
atic-pulmonary routes, and into organs and 
tissues from which they probably cannot 
extricate themselves. 

In order to account for what he con- 
sidered the ‘‘superfluous’’ migratory route 
of these larvae, Fiilleborn ? suggested that 
Ascaris might have evolved from ancestral 
forms that penetrated the skin. Later he 
advanced a more logical hypothesis, sug- 
gesting that this migration of the iarvae 
probably points to the derivation of these 
worms from ancestral forms that migrated 
in an intermediate host.’ If this hypothesis 
is accepted, % gradual substitution of the 
definitive host for the intermediate host 
can easily be visualized. Projecting this 
line of reasoning a bit further, the entire 
development can be conceived of as having 
become compressed into a single host such 
as the pig or, in the case of A. lumbricoides, 
man, in which the parasite still behaves 
more like a heteroxenous than a strictly 
monoxenous nematode. 

The same investigators who reported 
failures i: their attempts to develop As- 
earis in the :uiestines of pigs had no diffi- 
culty in raising the parasites in pigs to the 
stage that they attain in the lungs and, to 
some extent beyond that, in the intestines. 
There is practically no known mammalian 
host specificity in the early development of 
Ascaris. Ascaris lumbricoides, as well as 
A. suum, has repeatedly been shown to 
produce signs of pulmonary changes in 
pigs.and other mammals. Host specificity 
becomes evident only when the worms re- 
turn to the intestine. In small mammals 
such as mice, rats, guinea pigs, and rabbits, 
A. suum passes out of the body shortly 
after returning to the intestine. In goats, 
and more so in sheep and cattle, A. suum 
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can grow ia the intestine and may attain 
about half of its normal size. Half-grown 
A. suum, the females containing eggs that 
could be cultured to the embryonated stage, 
were found in a ealf.® 

The behavior of A. swum in pigs often 
parallels its behavior in a strange host. 
This presents an anomaly that is difficult 
to explain, except by postulating the de- 
velopment of a marked resistance to these 
worms by the host. This resistance could 
occur particularly during the period when 
the larvae wander through the body. The 
fact that pigs can be infected by being fed 
the lung stage of the worms lends support 
to the idea that the two phases of the para- 
site’s life cycle are more or less distinct, 
and that the stage attained in the lungs 
marks the end of the first developmental 
phase and the beginning of the second one. 
The ability of the worms to reach a stage 
of development in the lungs of the host 
that is preparatory to the second phase is 
no guarantee that their subsequent devel- 
opment in the intestine will take place. 
Much still remains to be determined re- 
garding the factors that render some pigs 
susceptible and others resistant to the de- 
velopment of A. swum in their intestines 
to a stage of egg-producing maturity. 


SUMMARY 


Patent infections with Ascaris suwm 
were produced experimentally in 8 of 9 
pigs: Embryonated eggs were fed to 6 of 
the pigs; the other 3 pigs were fed lungs 
of: guinea pigs similarly infected a week 
earlier. 

The 6 pigs, each fed 7,500 to 10,000 em- 
bryonated eggs, harbored 27 to 109 worms 
of both sexes at necropsy, 51 to 133 days 
later. 

The sizes of the worms recovered at nec- 
ropsy varied with their ages; the smallest 
were found 51 days after infection, the 
largest were found nearly four and one 
half months after infection. Worms ob- 
tained approximately three months after 
infection were of intermediate sizes. 

Two of 3 pigs fed parasitized guinea pig 
lungs harbored, respectively, 204 and 115 
worms of both sexes at necropsy; the third 
pig harbored a single female worm. The 
sizes of the worms recovered, at different 
periods varied with their age. 

In 2 of the pigs fed parasitized guinea 
pig lungs, eggs were first discovered in the 
feces 47 and 51 days after infection; no 


eggs were eliminated at any time by the pig 
containing a single female worm. In pigs 
fed embryonated eggs, the prepatent pe- 
riod varied between 49 and 52 days. 

Approximately four weeks after infec- 
tion, larvae were found in the feces; their 
number tended to increase gradually over 
a prolonged period. Five of the pigs elimi- 
nated 141 to 1,790 worms; in the remain- 
ing 4 pigs the number of worms was much 
smaller. The naturally eliminated worms 
showed a gradual increase in size that gen- 
erally varied with the time they had re- 
mained in the intestine. 

The natural elimination of the worms 
appeared to be associated with the final 
molt. It may also be associated with a re- 
sistance developed by the host that was 
stimulated in part by the penetration of 
the larvae into various tissues during their 
early migration. 

The early migration of Ascaris larvae 
does not appear to be an adaptation ‘hat 
has a survival value for the species; 0: the 
contrary, it leads worms into situations 
from which they probably can not extri- 
cate themselves. 

The migration of the newly hatched lar- 
vae appears to be of phylogenetic signifi- 
cance and probably pceints to the evolution 
of these worms from ancestral forms that 
had an indirect life cycle. On the basis of 
this assumption it may be concluded that 
the life cycle of A. suum and of related 
species apparently has become compressed 
into one host, although it still shows some 
evidence of an indirect development, with 
one phase culminating in the lungs and the 
other in the intestine. 
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Use of Scintillation Detector for Determining 
Accumulation in the Thyroid Glands of Swine 


L. J. SEIGNEUR, D.V.M.; L. D. TEST, M.S.; L. K. BUSTAD, D.V.M. 
Richland, Washington 


is an important product 
of atomic fission and is present in the 
gaseous wastes of chemical processes in 
the manufacture of plutonium. Contami- 
nation of vegetation with I'*! represents 
a potential hazard requiring definition. 

Long-term biological effects of I'*! were 
investigated, using the sheep* as a repre- 
sentative grazing animal, to define the 
maximum level of I'*! given daily that will 
not cause thyroid damage. A similar study 
was initiated with pigs to faciliate better 
extrapolation to man. 

This paper reports initial observations 
on thyroidal I'*! accumulation, using Pa- 
louse swine* maintained on high and low 
planes of nutrition. A direct relationship 
between nutritional level and I'*! accumu- 
lation is shown. 

The intractable nature of the pig, varia- 
tion in depth of thyroid glands, and wide 
variety of animal size required develop- 
ment of a sensitive thyroid monitor’ that 
would perform accurately without animal 
contact. Instrumentation and associated 
restraint equipment are described briefly 
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damental Study of the Relationship of Nutrition to 
Improvement of Animals for Meat Production Through 
Breeding,” conducted by the Department of Animal 
Husbandry, State College of Washington, Pullman. 

Feed components (in %) were as follows: ground 
barley, 27.5; ground wheat, 24.0; dehydrated alfalfa, 
15.0; soybean oil meal, 14.0; meat scraps, 12.5; millrun, 
0.7; dried skim milk, 4.0; corn distiller’s dried solu- 
bles, 0.6; steamed bone meal, 0.6; ground oyster shell, 
0.6; salt (noniodized), 0.52; and mineral mixture, 0.08. 
Stable iodine analyses of consecutive lots ranged from 
0.11 to 0.35 wg. of iodine per gram. 


for the benefit of clinicians interested in 
conducting comparative thyroid metabo- 
lism studies. 


MATERIALS AND METHODS 


All swine were group-fed a prepared, marginally 
goitrogenic ration (low in iodine) that was peri- 
odically analyzed for stable iodine content. Those 
on a low-level ration were fed 70 per cent, by 
weight, of the daily allowance for swine on full 
feed and individual daily supplements of stable 
iodine to equalize their iodine intake with that of 
the high-level group. The two nutritional levels 
have been maintained for several generations. 

Gilts averaging 17 months of age, 4 on a high- 
and 4 on a low-plane ration were used initially in 
two consecutive I™ tracer studies, since their use 
in the long-term study would preclude further 
observations of this nature. Each gilt was fed 45 
ue. of I and subjected to thyroid gland monitor- 
ing at six-hour intervals for 48 hours and daily 
thereafter, until less than 1 ue. remained in the 
thyroid gland. The same procedures were followed 
in the second tracer study. 

Animal age, plane of nutrition, and level of 
radioiodine fed daily in the long-term study are 
shown (table 1). The thyroid glands were moni- 
tored daily until approximate thyroidal I™ equi- 
librium was indicated, twice weekly for 30 days, 
and once each week thereafter. 

Thyroid monitoring is accomplished with the 
scintillation detector* and restraint equipment 
shown (fig. 1). Two probes are arranged, 18 inches 
apart and diametrically opposite, on a rigid yoke 
mounted on tracks at the top of the forward one 
third of a pig chute. Each probe contains a sodium 
iodide (Tl) crystal (1% inches in diameter by 
% ineh thick) and photomultiplier tube. Counts 
measured by a counting rate meter and preserved 
on a strip chart recorder are obtained from the 
phosphor pulses which have been amplified and 
differentially discriminated so that only the pulses 
corresponding to the principal photopeak of I™ 


TABLE 1i—Experimenta! Design of Chronic I™ 
Study 


fed 
daily (ue.) 


Nutritional 
plane 
High 
Low 
High 
Low 

Low 


Average 
age (mo.) 


No. in 
group 


v 
» 
4 Iv 45.0 
4 17 45.0 
. 4 10 5.0 
4 10 5.0 
4 10 0.5 
[14 ] 
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(0.36 m.e.v.) are accepted. Differential diserimi- 
nation eliminates the need for heavy shielding 
which would otherwise be necessary to reduce 
air background. The instrumeut has a 1,400 count 
per minute per microcurie sensitivity and a normal 
air background of 400 counts per minute. 

The pig is trained to enter the chute and eat 
from an adjustable feed box mounted on the front 
swing-type door. A panel installed in vertical 
tracks on the rear adjustment assembly is raised 
manually for entrance, swings forward as the 
pig walks under, following the back contour, and 
drops behind the pig to prevent backward 
movement. The rear assembly pivots forward from 
floor level and adjusts to varying body length by 
seating the ratchet arms at the top of the chute. 

The probes are adjusted to thyroid height and 
the counts obtained while the pig is feeding from 


Fig. 1—The two-probe 

thyroid monitor in use 

(notice the shields in 
place). 


12 18 
TIME (IN DAYS) 


the elevated feed box, since this position raises 
the thyroid gland in front of the point of the 
shoulder. The shoulder would represent a sub- 
stantial shielding effect if the thyroid gland were 
monitored while the pig fed from floor level. A 
single vertical adjustment of probes usually suf- 
fices for all pigs of a given age range. Slight 
forward and backward movement is compensated 
for by a similar movement of the probes on the 
horizontal tracks. 

Body background (counts originating from 
extrathyroidal accumulations of I™ in the blood, 
intestines, and viscera) is determined by envelop- 
ing the thyroid gland region with a two-section, 
detachable, 0.5-inch-thick lead collar (fig. 1) 
eapable of shielding 99 per cent of detectable 
gamma emissions. The open count, obtained by 
removing the lead collar, less body background, 
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Graph 2—Thyroidal I accumulation in swine 
on high- or low-level rations (I fed daily). 


establishes net counts attributed to thyroidal I. 
Apparent microcuries (quantity of I present, 
disregarding neck tissue shielding effect) are 
found by dividing net counts by counts per minute 
per microcurie from a known source. A conversion 
factor based on body weight is applied to this 
quotient, giving actual microcuries in the thyroid 
gland. Conversion factors are related to depth of 
thyroid gland beneath the skin surface, measured 
along the axis connecting the two probes, and 
were found through slaughter of pigs of different 
weights with known quantities of thyroidal I™.? 


RESULTS AND DISCUSSION 


Tracer Uptake and Turnover.— 
Tracer study comparison of the animals 
on the two nutritional levels showed no 
significant differences in time to reach 
maximum I! accumulation in the thyroid 
glands or in effective thyroidal I'*' half- 
life. Maximum I!*! in the thyroid glands 
was evidenced between 20 and 30 hours 
after feeding, and the effective half-life 
averaged six days. Maximum absorption 
coefficients in the thyroid/total I'*! 
fed) averagea 0.32 in the swine on the 
high-level ration, and 0.26 in those on the 
low-level ration, and the comparative accu- 
mulation remained greater in the group on 
the high-level ration through decay (graph 
1). Statistical analysis was not made. 

Chronic I*84 Uptake and Turnover.— 


Accumulation of I?*! in the thyroid glands 
reached approximate equilibrium in 21 
days and appeared to be independent of 
the nutritional level. Appreciably higher 
amounts have been maintained in the 
thyroid glands of swine on a high-level 
ration (graph 2), although the data have 
not been analyzed statistically. The swine 
fed the 0.5-ue., low-level ration are not 
included in this figure, since the level is 
considered nondamaging and the ratio of 
the quantity of I'*! in the thyroid to 
]'31 fed daily varies little from that of the 
swine fed the 5-ye., low-level ration. 

Average weights of thyroid glands of the 
animals on different nutritional levels are 
not known at this time. Necropsy may 
reveal larger thyroid glands in animals 
on the high-level ration, and thus indicate 
one reason for their greater thyroidal I!*4 
accumulations. 

The instrument (fig. 1) has been in 
constant use for more than 18 months 
and there have been few electronic failures, 
even though it was exposed to moderately 
rough treatment and extremes in temper- 
ature (20-100 Measurements of in 
the isolated thyroid gland have shown 
excellent agreement with radiochemical 
analysis, and in vivo monitoring has 
demonstrated good reproducibility when 
measuring less than 1 ye. of thyroidal 
]"31. The pigs have adapted to a weekly 
count with no adverse consequences and 
no supplementary training. The identical 
instrumentation and restraint equipment 
with only a neck shield modification have 
been used successfully in sheep thyroid 
gland monitoring and may find applica- 
tion with other animals. 


SUMMARY 


Application of a two-probe scintillation 
detector and associated restraint equip- 
ment for quantitative in vivu measure- 
ment of I'*! in the thyroid glands of swine 
is described in a combined long-term study 
to determine the effects of nutrition on 
thyroidal I**! metabolism and to define 
the maximum amount of I'*! administered 
daily that will not cause thyroid damage. 
Initial observations on nutritional effects 
revealed significantly higher thyroid gland 
accumulations in the full-fed pigs, as com- 
pared with accumulations in pigs fed 70 
per cent of the full ration, in both tracer 
and chronic feedings of the isotope. 
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Both levels of nutrition attained max- 
imum thyroidal I'*! accumulations between 
20 and 30 hours after single feedings of 
the isotope, and the effective thyroidal 
I'*! half-life averaged six days. 

Chronic I?*1 feeding showed approximate 
equilibrium accumulations in the thyroid 
glands in 21 days and the time appeared 
to be independent of the nutritional level. 
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Anatomic and Functional Studies of the Coronary 
Circulation in the Dog and Pig 


GEORGE C. CHRISTENSEN, D.V.M., Ph.D., and FRANK L. CAMPETI, M.D. 


Ames, Iowa, and Rochester, New York 


PIONEERING surgical techniques of recent 
years have established the necessity for 
precise comparative anatomic knowledge of 
the heart. A study of ‘’e coronary vessels 
in domestic animals is requisite to the 
understanding of cardiae defects in these 
species; its implications are important in 
man. A controlled investigation of experi- 
mentally produced changes in the hearts of 
litter mates (dogs or pigs), living under 
similar conditions and given specific diets, 
is being conducted by the senior author. 

This report, concerning a segment of the 
comprehensive investigation, is limited to 
the morphological and functional patterns 
of coronary circulation in the dog and pig. 
The cardiovascular architecture of these 
species differs with regard to the compara- 
tive aspects of atrial arteries, the distribu- 
tion of terminal ventricular arteries, and 
venous drainage. Cineangiocardiographic 
studies of living animals are included 
which show the functional pattern of coro- 
nary circulation rather than detailed angio- 
architecture. 


MATERIALS AND METHODS 


Vinyl acetate and chloroprene latex (Neoprene* ) 
easts, clearings, and serial sections of 400 hearts 
were used to establish the detailed pattern of in- 
trinsic cardiae vasculature, following procedures 
deseribed by the senior author.*‘ Litter mate pigs 
and purebred Beagles were used. 

Cineangiocardiographs of dogs and pigs were 
made at the University of Rochester, School of 
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Medicine and Dentistry, Rochester, N.Y. With the 
animal under general anesthesia, the right carotid 
artery was cannulated with a balanced polyethylene 
tube. The free end of the cannula had been pre- 
viously closed and the distal 2 em. was perforated 
with six holes. It was perfectly balanced to assure 
even distribution of radiopaque material to both 


Cannuk 


Fig. 1—Distal end of balanced polyethylene tube 

positioned at level of aortic valves. This permits 

even distribution of contrast material to both 
coronary arteries. 


coronary arteries. A steady drip of saline solution 
into the tube prevented the backflow of blood. By 
injecting 1 ml. of 70 per cent sodium acetrizoate, 
with simultaneous fluoroscopic examinstion, the 
distal end of the cannula was put into the ascend- 
ing aorta at the level of the coronary arteries 
(fig. 1). 

Prior to x-ray exposure, the tubing containing 
saline solution was detached from the cannula, 
and the free end of the cannula was attached to a 
record syringe containing 15 to 25 ml. of 70 per 
cent sodium acetrizoate. During x-ray exposure, the 
sodium acetrizoate was injected for four seconds, 
under a pressure of 20 to 65 lb. per square inch. 
The pressure and injection time was varied accord- 
ing to the size of the animal, the comparative re- 
sistance of arteries and polyethylene tubing, and 
the total amount of radiopaque solution. One milli- 
liter of 70 per cent sodium acetrizoate was injected 
for each kilogram of body weight. 

The cineangiocardiography unit, designed by 
Gramiak et al.,° is a 35-mm. camera fitted with a 
high quality 0.71 f lens. The film-transport mech- 
anism is adjustable for film speeds of 3%, 7%, 
15, or 30 frames per second, and is powered by a 
synchronous motor that drives the shutters and 
regulates exposure time. Counter-rotating shutters 
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Fig. 2—Superficial views 
of the canine heart, il- 
lustrates the surface pat- 
tern of coronary arteries 
and veins. Left and sight 
views of the heart are 
represented. 


Descending 
br. 


left coronary a 


in front of the lens provide a positive cutoff of 
light from the E-2 fluorescent screen and prevent 
fogging of the film due to sereen persistence dur- 
ing transport. The exposure-timing control is gov- 
erned by a 180-degree commutator segment driven 
by the camera gear train. 

Most of the films were made at 30 frames per 
second. For viewing and study, 16-mm. reduction 
prints were made. Prior to filming, 20 tu 25 mg. 
of acetylcholine and 1 to 2 mg. of dihydroergot- 
amine 45 were injected in some animals to slow 
heart action. Exposure time was 11 seconds, using 
85 ma. and 100 kv. The latter two figures varied 
according to the size of the animal. Dogs weighed 
15 to 30 lb.; pigs weighed 15 to 60 lb. Later studies 
were made using the image-amplifier tube, filming 
at 15 frames per second and using lower milli- 
amperage. 

OBSERVATIONS 


‘Vinyl acetate and chloroprene latex casts 
showed morphological differences in the 
arrangement of arteries and veins in the 
heart of the dog and that of the pig. In 
the dog, there are three major atrial ar- 
teries from each of the coronary arteries: 


pulmonary artery 

Aorta 

Fig. 3—Superficial views } 
of the porcine heari-- 


left ventral and right di- 
aphragmatic views. 


Left auricle 


Caudal 
vena 


Left atnum 
—Great cardiac v. 


right and left ventral, dorsal, and 
intermediate atrial arteries, in agreement 
with Halpern.”*® The right ventral branch 
supplies the ventral aspect of the right 
auricle and atrium. It gives off the acces- 
sory ventral right atrial artery, which sup- 
plies arterial blood to the right atrium and 
to the aortic wall at the level of the valves. 
Its numerous terminal branches supply the 
interatrial septum, the common bundle, and 
the atrioventricular node. Many dogs have 
a separate artery with this same distri- 
bution. 

The left ventral atrial artery, arising 
close to the origin of the left coronary 
artery, supplies the ventral side of the left 
auricle, the left atrium, and the interatrial 
septum, 

The dorsal left and right atrial arteries, 
arising from the terminations of the cir- 
cumflex coronary arteries, help supply 
blood to the interatrial septum. An acces- 
sory ventral left atrial artery, present in 
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Aorta 
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Fig. 4—Vinyl acetate cast of vasculature of the canine heart (DV27), left side, shows the 
aorta (a), pulmonary artery (b), descending branch of left coronary artery (c), circumflex 
branch of left coronary artery (d), ventral right atrial artery (e), and great cardiac vein (f). 


Fig. 5—Diaphragmatic view of the canine heart shown in figure 4. The left coronary artery (a), 
right coronary artery (g), and dorsal right atrial artery (h) are shown. 


some dogs, supplements or replaces a vari- 
able accessory ventral right atrial artery 
in supplying the interatrial septum. The 
dorsal left atrial artery supplies the walls 
of the pulmonary veins and the caudal vena 
cava; its counterpart on the right side con- 
tributes largely to the cranial vena cava. 
The intermediate atrial arteries, located 
approximately midway along the course of 
the respective coronary arteries, supply the 


adjacent atrial musculature. Small atrial 
arteries, too numerous and variable to be 
named, arise along the entire course of the 
parent vessels. 

The pig has fewer large atrial arteries 
than the dog, but numerous minute vessels 
arise from the coronary arteries to supply 
the walls of the upper heart chambers. It 
consistently has a large artery which cor- 
responds to the ventral left atrial artery 


Legends for Illustrations on Opposite Page 


Fig. 6—Vinyl acetate cast of vessels of the porcine heart (PV19), ventral view, shows the 
left ventricle (i), interventricular septum (j), right ventricle (k), left coronary artery (a), 
right coronary artery (g), and great cardiac vein (1). 


Fig. 7—Diaphragmatic view of the porcine heart shown in figure 6. The coronary sinus (m) 
and right coronary artery (g) are shown. 


Fig. 8—Ventral view of the porcine heart (PV13) shows the right coronary artery (g) and 
the great cardiac vein (1). 


Fig. 9—Diaphragmatic view of the porcine heart (PV13) shows the vena hemiazygos (n}, 
middle cardiac vein (0), and right coronary artery (g). 
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of the dog. In addition to supplying the 
left atrium, as it does in the dog, this ves- 
sel also supplies the valvular area of the 
aorta, the base of the left and right atrium, 
and the wall of the cranial vena cava. 

The ventral right atrial artery helps 
supply the right atrium, the base of the 
cranial vena cava, the walls of the pulmo- 
nary veins, and the caudal vena cava. In- 
trinsically, these vessels supply the inter- 
atrial septum, the atrioventricular node, 
and the common bundle, along with nu- 
merous small branches from the coronary 
arteries. The ventral right atrial artery 
usually arises in common with the acces- 
sory ventral right artery. 

The dorsal right atrial artery in the pig 
originates from the distal one third of the 
circumflex branch of the right coronary 
artery. The dorsal left artery frequently 
arises in a common trunk with the ventral 
left atrial artery, supplying the ventral 
side of the left atrium, the aortic valve 
region, and the pulmonary veins. 

Ventricular arteries in the dog arise 
from the two coronary arteries leaving the 
base of the aorta (fig. 2,4). The left coro- 
nary artery gives off the left descending 
and circumflex branches. The former de- 
scends in the corresponding coronary 
groove (sulcus coronarius), while the latter 
dips under the left auricle and follows the 
atrioventricular junction to the region of 
the coronary sinus. There it makes a right- 
angle turn and descends to the apex of the 
heart. The right coronary artery runs along 
the coronary suleus of the right side and 
terminates in a comparatively small de- 
seending branch on the diaphragmatic sur- 
face of the heart. 

The septal artery arises at or near the 
junction of the descending and circumflex 
branches of the left coronary artery. After 
1 to 3 em., it terminates in numerous small 
branches supplying the interventricular 
septum. The principal source of blood to 


the interventricular septum, however, is 
from a large number of small arteries which 
leave the descending branch of the left 
coronary artery and, to a lesser extent, the 
right, to enter the septum all along its | 
periphery. This also occurs in the heart 
of the pig and other domestic animals, as 
well as that of man (fig. 4-9) .§ 

The right circumflex coronary artery of 
the pig, unlike that of the dog, terminates 
by descending in the longitudinal sulcus 
of the diaphragmatic surface of the heart 
(fig. 3, 6,8). The right circumflex artery 
of the pig also gives off a large descending 
branch to the central portion of the right 
ventricle. As in the dog, numerous small 
hranches arise from the right circumflex 
branch along its entire route and contribute 
arterial blood to the musculature of the 
right ventricle. 

Porcine hearts differ greatly from canine 
hearts in the manner by which vessels leave 
the left coronary artery to supply the cor- 
responding ventricle. In addition to the 
descending circumflex and septal branches, 
a large artery leaves the area of the junc- 
tion between the descending and circum- 
flex arteries to ramify on the surface of 
the left ventricle (fig. 3,6). The termina- 
tion of the circumflex branch of the left 
coronary artery in the pig compares favor- 
ably with that of the right coronary artery 
in the dog. It ends in numerous small 
branches in the region of the coronary 
sinus (fig. 3). 

The heart of the pig also differs from 
that of the dog with regard to the pattern 
of venous drainage (fig. 3, 6-9). The atrial 
veins in both species are relatively small 
and numerous, empty into the right atrium 
and, in the pig, into the coronary sinus. 

The cardiac veins accompany the coro- 
nary arteries and return blood from the 
walls of the heart. The great cardiac vein 
runs in the longitudinal suleus on the ven- 
tral surface of the heart, passes around the 
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Fig. 10-15—Stills from a cineangiocardiograph show 70 per cent sodium acetrizoate pumping 
through the coronary vessels of a 6-month-old, 29-lb. Collie dog (D4A). Total injection time 


was three seconds. 


Start of injection shows filling of the descending branch of the left 
coronary artery (a) and the circumflex branch (b‘ during left ventricular diastole. 


One 


second after beginning the injection, an atrioventricular block occurs (fig. 12-14). The major 
coronary arteries are completely filled with contrast material. Finally, the contrast material 
is forced through the coronary sinus into the right atrium (fig. 15). 
c= coronary sinus, d= aortic valve, e= aorta, f = cannula 
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left side of the heart in the coronary sul- 
eus, and terminates in the goronary sinus 
(fig. 2-4,6,8). The coronary sinus of the 
dog is small; in the pig, a large sinus is 
located at the junction of the vena hemi- 
azygos with the great and middle cardiac 
veins and with numerous tributaries from 
the left atrium and ventricle (fig. 3,7, 9). 
Numerous veins from the left ventricle 
drain directly into the vena hemiazygos. 

The middle cardiac vein ascends in the 
longitudinal suleus of the diaphragmatic 
surface of the heart, receiving blood from 
the walls of both ventricles (fig. 3,9). The 
small cardiac vein terminates in the coro- 
nary sinus after receiving branches from 
the right atrium and ventricle. Other car- 
diae veins include the anterior cardiac 
veins and the posterior vein of the left ven- 
tricle. The former arise from the right 
ventricle and drain into the right atrium; 
the latter drains the left ventricular wall 
and opens directly into the coronary sinus. 

In porcine hearts, relatively large septal 
veins have been found emptying into the 
great cardiac veins. In some pigs, the an- 
terior and great cardiac veins unite and 
receive septal veins at their junction. Nu- 
merous small veins drain the interventricu- 
lar septum and empty into the great and 
middle cardiac veins. 

Canine and porcine hearts have more 
arteries and veins on the left side and in 
the interventricular septum than on the 
right side (fig. 8,9). In both species, there 
is a massive formation of venous sinuses in 
the myocardium of the left side, as demon- 
strated in man by Truex and Angulo.'* 
Luminal (thebesian) vessels'! in vinyl- 
injected hearts demonstrate direct con- 
tinuity between the venous sinuses of the 
myocardium and the lumina of the ven- 
tricles. 

Because of physiological errors in post- 
mortem injection techniques, cineangio- 
cardiography was used to determine the 
principal routes of blood flow in hearts of 
living dogs and pigs. These motion pictures 
indicated that the left descending and cir- 
ecumflex coronary arteries, the right coro- 
nary artery, and the septal artery simul- 
taneously filled with radiopaque solution 
(fig. 1° -15). 

Whe:. the myocardial arteries were com- 
pletely filled with 70 per cent sodium acetri- 
zoate, replacing oxygenated blood,* heart 
blocks occurred (fig. 12-14). Electrocardio- 
graphs made during injections showed the 


existence of heart blocks; they will be dis- 
cussed in detail in a later publication. Re- 
peated injections, even after a 30-minute 
interval which allowed the animal to re- 
cuperate and the x-ray tube to cool, resulted 
in myocardial and renal infarcts in both 
dogs and pigs. When the radiopaque solu- 
tion started to flow into the right atrium 
through the coronary sinus, normal heart 
function resumed (fig. 15). 


Discussion 


The interatrial septum of the dog and 
of the pig is profusely supplied with blood 
by branches of the left and right coronary 
arteries and their many anastomoses. The 
atrioventricular node and the neighboring 
specialized conduction tissue thus receive 
blood from many sources. Prominent si- 
nuses and venules in the atrioventricular 
node and a diffuse arrangement of arteri- 
oles and capillaries, as observed in the dog 
by Truex and Schwartz,'* are also charac- 
teristic of the pig. 

Our studies agree with the observations 
of others }” regarding the extensive arterial 
blood supply to the interventricular sentum 
of the dog. We have also demonstrated a 
far greater number of arteries going to the 
left ventricle than to the right in all species 
of domestic animals. Similarly, the left 
ventricle and interventricular septum pos- 
sess a system of veins and sinuses that is 
much greater in complexity and capacity 
than that of the right ventricle. The venous 
system of the interventricular septum and 
left ventricle is more profuse than its ar- 
terial counterpart (fig. 6-9). 

The complexity of the arterial supply to 
the interventricular septum in the dog and 
in the pig is contrary to the usual concept 
of the importance of the septal artery. The 
septal artery is not as significant in the 
nourishment of the cardiac conduction sys- 
tem as it was formerly thought to be; more 
oxygenated blood reaches the interventricu- 
lar septum through the branches of the left 
descending artery than through the septal 
artery. In both species the interventricular 
branches from descending coronary arteries 
are so large that positive identification of 
septal arteries is difficult. Therefore, the 
interventricular septum is an important 
site of collateral arterial and venous circu- 
lation in the hearts of dogs and pigs. 

Thebesian vessels, which connect coro- 
nary vessels with ventricular cavities, are 
capable of conducting blood in either diree- 
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tion, from the myocardium into the cavity 
or from the cavity into the myocardium, 
depending on the differential pressure 
gradient. In eases of coronary artery dis- 
ease, the thebesian vessels may supply the 
myocardium with a small amount of blood. 

Cineangiocardiographic studies of radi- 
opaque solutions traversing the coronary 
vessels show the simultaneous filling of the 
major arteries during ventricular diastole 
under specific experimental conditions. 
When the sodium acetrizoate temporarily 
replaces oxygenated blood in the coronary 
arteries, a heart block may occur. The ad- 
ministration of oxygen during or just prior 
to the injection helps to relieve anoxia. If 
retrograde injections of sodium acetrizoate 
are given repeatedly via the right carotid 
artery, even at 30-minute intervals, tetanic 
convulsions, fibrillation, and subsequent 
death occur. During injection, blocking 
the opposite carotid artery with a rubber- 
covered hemostat prevents rapid passage 
of the solution to the brain, so these reac- 
tions do not occur. The slow passage of 
solution to the brain through the vertebral 
arteries causes no distress. 

Cineangiocardiograph films, reduced to 
16-mm. size, permit study of the filling of 
the major coronary arteries and the passage 
of the radiopaque solution through these 
arteries into the myocardial venous system. 
The finer details of coronary vasculature 
are not apparent when the sodium acetri- 
zoate is disseminated in the myocardial 
sinuses. When the solution is again con- 
centrated, just before entering the right 
atrium, the detailed structure and function 
of the coronary sinus is easily discernible 
(fig. 15). 

Sinus reflux during atrial systole was 
demonstrated in 25 of 100 human cardiac 
patients by Campeti et al.2 This was ac- 
companied by reflux into the caudal vena 
eava during atrial diastole. The reflux of 
blood was primarily associated with hyper- 
tension and a failure of the coronary sinus 
valvular mechanism. The flow of sodium 
acetrizoate through the coronary sinus in 
the dog is shown (fig. 15). Sinus reflux 
has not been demonstrated in normal pigs 
and dogs. 

The coronary veins have been outlined 
radiographically by retrograde injection of 
contrast material into a catheterized coro- 
nary sinus.':!* The present work has the 
advantage of demonstrating the normal 


function of the sinus by passage of radi- 
opaque material from the myocardium to 
the right atrium. 


SUMMARY 


The pattern of coronary arteries and 
veins in the dog and pig was described. 
Chloroprene latex and vinyl acetate casts, 
clearings, serial sections, and cineangio- 
eardiographs were used to study the vascu- 
lature of 400 hearts. 

The atrial vessels of the dog and pig 
differed in relative size and distribution of 
terminal branches, rather than in number 
or origin of major vessels. The blood 
supply to the interatrial septum and atrio- 
ventricular node was described The de- 
scending branch of the left coronary artery 
was more significant than the septal artery 
in supplying the interventricular septum. 

Thebesian (luminal) vessels, which con- 
nect coronary vessels with ventricular cavi- 
ties, were found in canine and porcine 
hearts. 

Cineangiocardiographs helped to ascer- 
tain the functional pattern of blood flow 
in the principal coronary arteries and the 
coronary sinus. These studies supplemented 
data gained from casts of the detailed vas- 
culature of the heart. 

Distinet species differences occurred in 
hearts of dogs and pigs with respect to the 
distribution of atrial vessels, the terminal 
branches of the coronary arteries, and the 
modes of venous drainage. 
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Isolation and Characterization of Cytopathogenic Enteroviruses 
from Cattle with Respiratory Disease 


TORBJORN MOLL, D.V.M., Ph.D., and ADAMADIA D. DAVIS, M.S. 


Pullman, Washington 


DURING THE PAST DECADE a large number 
of cytopathogenic viruses have been found 
in the intestinal and upper respiratory 
tracts of man.?* Various members of these 
‘‘enteroviruses’’ and ‘‘adenoviruses’’ have 
been shown to be associated with transitory 
clinical syndromes in man, such as paraly- 
sis, aseptic meningitis, herpangina, myo- 
carditis, encephalomyocarditis, summer 
diarrhea of infants and children, and 
undifferentiated febrile illnesses. These vi- 
ruses also have been found in apparently 
normal individuals, but their incidence 
among healthy persons decreases with in- 
creasing age. Their etiological role in dis- 
ease production has been established by 
demonstrating a higher prevalence and 
virus concentration among patients with 
these illnesses than in healthy individuals 
and by the development of specific anti- 
bodies during the course of illness. 

A cytopathogeniec virus has been isolated 
from the respiratory tracts of cattle with 
infectious bovine rhinotracheitis.® This 
virus has been adapted to human cells 
(Hela) through alternating passage be- 
tween HeLa cells and bovine embryo tissue 
cells. 

Moll and Finlayson }° have reported on 
the isolation of a cytopathogenic virus 
from feces of cattle with a febrile respir- 
atory illness and from the ascitic, stomach, 
and allantoic fluids from an aborted bovine 
fetus. Klein and Early*® and Kunin and 
Minuse®* have isolated cytopathogenic 
viruses from feces of apparently healthy 
cattle. 

This is a report on the isolation and 
preliminary characterization of six cyto- 
pathogenic viruses from feces of cattle in 
six herds with histories of respiratory 
disease and abortion. These viruses have 
been designated ‘‘bovine  enterovirus’’ 
(BE) in this laboratory. 

From the Department of Veterinary Microbiology, 
College of Veterinary Medicine, State College of Wash- 
ington, Pullman. Scientific paper No. 1726, Washington 
Agricultural Experiment Station, project No. 1144. 

These investigations were aided by contract NR-103- 
825, with the Office of Naval Research. 


MATERIALS AND METHODS 


Celi Cultures.—Cell cultures were prepared from 
the kidney cortices of normal eattle, 6 to 24 
months old, in 10- by 120-mm. tubes by the tryp- 
sin-digest method described by Younger.” The 
cells were grown at 37C. in a nutrient medium 
consisting of Hanks’ solution with 0.5 per cent 
lactalbumin hydrolysate and 10.0 per cent bovine 
serum or in Tris medium* with 10.0 per cent 
bovine serum. 

When cell sheets were formed en the glass 
surface, the nutrient medium was withdrawn and 
replaced with a maintenance medium consisting 
of Hanks’ solution with 0.5 per cent lactalbumin 
hydrolysate or Tris medium without serum. To 
both nutrient and maintenance mediums were 
added 100 to 200 units of penicillin, 100 to 200 
wg. of streptomycin, and 100 to 200 units of 
nystatin (Myecostatin *) per milliliter. 

Fecal Samples and Nasal Washings.—Fecal 
samples and nasal washings were suspended in 
phosphate buffered saline solution or Tris me- 
dium, without serum, containing 500 units of 
penicillin and 500 ug. of streptomycin per milli- 
liter. Approximately 10 Gm. of fecal material 
was suspended in 25 ml. of medium. The sus- 
pensions were strained through a four-layer pad 
of cheesecloth into stainless steel tubes which 
were centrifuged at 10,000 r.p.m. for 30 minutes 
in a refrigerated centrifuge. 

Each supernatant fluid was subsequently diluted 
1:2 with maintenance medium and dispensed in 
l1-ml. quantities to each of three to five cell 
culture tubes. After two hours, this inoculum was 
withdrawn and replaced with fresh maintenance 
medium. Fetal fluids which were clear and free 
from bacteria were diluted 1:5 with maintenance 
medium and dispensed in 1-ml. quantities to each 
of five cell culture tubes. 

Virus Assays.—Tenfold dilutions of virus-con- 
taining material were made in medium, using a 
fresh pipette for each dilution. Each virus 
dilution was inoculated into four cell culture tubes, 
0.1 ml. per tube. 

Serological Procedures—Immune rabbit serums 
were produced against each BE virus. Two in- 
travenous injections of 2 ml. each of infected 
cell culture fluid containing 10° to t.¢.d.so 
per milliliter were given to each 4-month-old rabbit 
at ten- to 14-day intervals. The serums were col- 
lected 14 days after the second virus injection. 
Rabbit and bovine serums were stored at —20 C. 


* Mycostatin is produced by E. R. Squibb and Sons, 
New York, N.Y. 
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Fig. 1—Bovine kidney ell cultures: (A) normal 
cells growing on the ..ass wall of a test tube; 
(B) early cytopathog: ic effect of virus growth— 
a number of cells hax become shrunken or rounded, 
but most of the c { sheet appears normal; (C) 
progression of ..:rus-induced cytopathogenic 
changes—a large number of cells are rounded 0: 
shrunken; (D) final stage of cytopathogenic 
changes—no normal cells remain, and most have 
fallen off the glass surface. x 15. 


Neutralizing antibody titers were determined in 
eell culture-neutralization tests according to the 
method described by Paul and Melnick for paired 
poliomyelitis serums,” using fivefold dilutions of 
serums and constant amounts of virus. The log 
t.c.d.so was caleulated by the method of Reed and 
Muench. 

RESULTS 


Primary Virus Isolations——All six vi- 
ruses were isolated from feces on first 
tissue culture passage. Virus could not be 
isolated from nasal or eye washings. 

Virus BE-1.—This virus was recovered 
from the feces of 9 calves, 3 to 6 months 


old, and 2 pregnant cows, which were pur- 
chased and brought into an experimental 
barn unit. These animals developed fever 
(103-106 F.), slight cough, serous or mu- 
cous nasal exudate, and mild enteritis in 
seven to ten days. This respiratory disease 
syndrome was clinically diagnosed as 
‘‘mild’’ or ‘‘abortive’’ shipping fever. 

The affected calves recovered unevent- 
fully within a week, but several had inter- 
mittent temperature elevations during the 
next three weeks. One cow (cow 230) also 
recovered in a few days, but aborted ap- 
proximately one and one half months later. 
The aborted 6- to 7-month-old fetus showed 
marked serosanguineous subcutaneous and 
intermuscular edema and_ considerable 
amounts of serosanguineous fluid in the 
serous cavities. Virus was isolated from 
ascitic, stomach, and allantoic fluids. The 
other cow (cow 237) developed pulmonary 
complications and was treated with broad- 
spectrum antibiotics over a period of three 
weeks. When examined three months later, 
this cow was not pregnant. 

Vibrio fetus, Leptospira pomona, and 
Brucella abortus were not found in the 
aborted fetus or in either cow.* 

Feces from 9 of the animals were ex- 
amined for the presence of virus at various 
intervals after the remission of clinical 
signs. All animals were found to shed 
virus up to three months after recovery. 
Five animals were shedding virus after 
six months, 3 after 12 months, and 1 after 
15 months. 

Virus BE-122.—This virus was isolated 
from a large beef herd in Montana. The 
herd had experienced considerable yearly 
losses from shipping fever among calves 
at weaning time (October, November). 

The virus was isolated from four of six 


* This information was made available by Dr. S. G. 
Kenzy, Department of Veterinary Microbiology, and Dr. 
D. M. Fluharty, Department of Veterinary Pathology, 
State College of Washington, Pullman. 


TABLE i—Log t.c.d.s Neutralizing Titers of Antiserums Against Homologous and Heter- 


ologous Viruses 


BE-122 


Antiserums 


1.8 
(1.7) 
2.0 
2.0 
3.0 
2.7 


BE-1 

BE-122 
BE-160 
BE-165 
BE-167 
BE-180 


* Numbers in parentheses represent homologous titers. 
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TABLE 2—Log t.c.d.s. Neutralizing Titers of Known Human and Bovine Immune and Con- 
valescent Serums Against Two Serological Types of BE Virus 


Serums 


Virus 
diarrhea 
VD-C9 ECBO ** 


<0.6 0.0 <2.7 
<0.6 0.0 1.5 


bovine 


Mucosal 
disease 
MD-48 


Ulcer. 
Agent stom.tT 
x 172-C39 


IBR * 
Y-23 


IBR 
Y-69 


Polio Polio Polio 
Viruses I Il Iil 


BE-1 0.0 0.0 0.0 1.2 1.2 0.0 <0.6 
BE-180 0.0 0.0 0.0 1.3 1.7 0.0 0.0 


* IBR = infectious bovine rhinotracheitis; + ulcer stom. = infectious ulcerative stomatitis; 


** ECBO = enteric cythopathogenic bovine orphan. 


fecal samples collected* from apparently 
normal calves in September and from 10 
of 19 calves with clinical shipping fever at 
weaning time. 

Virus BE-160.—The virus was recovered 
in December, 1957, from the feces of 5 
ealves, 6 months old, in central Wash- 
ington. These calves were among about 
100 which had fever, swelling of the sub- 
mandibular region, excess nasal exudate, 
and mucus in feces. 

Virus BE-165.—The virus was recovered 
from a dairy herd, in central Washington, 
which had a history of abortion. Several 
cows showed signs of anterior respiratory 
disease in November, 1957, and 6 cows 
aborted approximately one month later. 
The virus was isolated from feces of 4 of 
the 6 cows 14 days after abortion. The 
aborted fetuses were not available for 
study. 

Virus BE-167.—This virus was re- 
covered from a large beef cattle herd in 
southwestern Washington. This herd had 
experienced considerable losses from pink- 
eye, shipping fever, and occasional abor- 
tions. The virus was isolated from the feces 
of 3 of 6 cows which had pinkeye and 
later aborted. Aborted fetuses were not 
available for study. 

Virus BE-180.—This virus was recovered 
from a small herd of beef cattle in eastern 
Washington. This herd had experienced 
some respiratory disease among the calves. 
The virus was isolated from feces of 3 of 
4 calves which had been coughing. 

Characterization of the Viruses Isolated. 
—All viruses isolated were cytopathogenic 
for bovine kidney cells grown in vitro 
(fig. 1). The eytopathogenic changes were 
characterized by focal rounding and shrink- 
ing of cells, which progressed until all 
cells were affected and fell off the glass 
surface. The fluid of the culture tubes in 
which the majority of cells were affected 
also was considerably more acid than the 
fluid of unaffected control tubes. 


+ By Dr. J. Palotay, who studied the disease outbreak. 


Ten serial passages of infected cell cul- 
ture fluids carried out have regularly re- 
sulxed in cytopathogenic cell changes, as 
well as in increased acidity of the culture 
fluids. 

Replicate titrations of various tissue cul- 
ture passage levels showed a t.c.d.59 of 10° 
to 10° per milliliter. Cell cultures inoc- 
ulated with the lowest dilution of in- 
fected fluids showed typical cytopathogenic 
changes as early as four hours after in- 
oculation; those inoculated with the high- 
est dilution showed such changes 36 to 
42 hours after inoculation. 

The increase in acidity at the time of 
severe or complete cell destruction varied 
from 0.2 to 0.4 pH units as compared with 
normal cell cultures. Viral multiplication 
and cytopathogenic changes in bovine kid- 
ney cell cultures occurred at pH’s of 6.4 
to 8.4. The cytopathogenie changes devel- 
oped more slowly and seemed less extensive 
at pH’s of 6.4 to 6.6 than at pH’s of 7.4 
to 8.4. Considerable rounding and degen- 
eration were observed in noninfected cul- 
tures at a pH of 8.4. The virus strains 
recovered from the six sources behaved 
identically in these trials. 

Virus BE-1 produced cytopathogenic 
changes in swine kidney cell cultures. 
These changes were similar to those seen 
in the bovine kidney cell cultures. This 
virus strain also produced cytopathogenic 
changes in human amnion and kidney tis- 
sues, HeLa cell cultures, and rhesus and 
patas monkey kidney cells. Small irreg- 
ular plaques were obtained on rhesus mono- 


TABLE 3—Log t.c.d.s Titers of Convalescent Bo- 
vine Serums Against Virus BE-1 


15 
3.4 


Months after onset of clinical disease 
0-% 28 68 #«11-12 
3.4 * 
1.5 


1. 
i. 


7 


* Virus isolated from feces. 


9 
Animal 
(No.) | 
214 
244 
248 1.6 2.5 1.7 1 7 
250 0.2 * 2.2 * 3.2 2 3 
251 0.2 * 1.0 * 1.3 2 
230 0.2 1.1 * 1 
237 0.6 1.0 * 1 
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layer cultures five to six days after inoc- 
ulation. The plaque pattern resembled 
those of the enteric cytopathogenic human 
orphan (ECHO) viruses.** The other vi- 
ruses isolated have not been studied in 
swine, monkey, and human cell cultures. 

All six isolated viruses passed through 
an ultrafine glass filter without appreciable 
loss of titer. They also passed through an 
ultra-filter membrane with an average pore 
size of between 0.05 and 0.08 y», but not 
through a membrane with an average pore 
size of 0.01 to 0.05 yu. 

These viruses are ether-resistant. They 
survive storage in tissue culture mainte- 
nance fluid (pH 7.6—7.8) at —10 to —20C. 
for at least one year, at 4 to 22 C. for at 
least two months, at 37 C. for at least 120 
hours. and at 56 C. for at least 30 minutes. 

Each isolated virus was tested against 
homologous and heterologous rabbit im- 
mune serums (table 1). From the data ob- 
tained, it appears that the six viruses fall 
into two serological groups; BE-1, BE-122, 
BE-165, and BE-167 belong to one group, 
and BE-160 and BE-180 to another. This 
indication was verified by statistical analy- 
sis using the Kendall rank correlation 
coefficient of concordance. This analysis 
revealed a highly significant difference be- 
tween the two groups but no significant dif- 
ference between viruses within each group. 

One virus of each serological group (BE- 
1, BE-180) was tested in tissue culture- 
neutralization tests against two infectious 
bovine rhinotracheitis (1BR) convalescent 
serums,* mucosal disease convalescent 
serum,‘ virus diarrhea convalescent serum,‘ 
infectious bovine ulcerative stomatitis con- 
valescent serum,’ bovine agent X convales- 
cent serum,’ enteric cytopathogenic bovine 
orphan (EcBO) virus rabbit immune se- 
rum,** and types I, II, and III monkey 
poliomyelitis immune serums? (table 2). 

Both virus strains were neutralized to ap- 
proximately the same degree by both pr 
convalescent serums. Both strains also were 
neutralized by the EcBo immune serum, but 
one strain (BE-1) to a higher titer than the 


** This information was made available by Dr. G. D. 
Hsiung, Yale University School of Medicine, New Haven, 
Conn., and Dr. R. J. Huebner, National Institutes of 
Health, Bethesda, Md. 

* Supplied by Dr. T. L. Chow, College of Veterinary 
Medicine, Colorado State University, Fort Collins; + Dr. 
W. R. Pritchard, Purdue University, Lafayette, Ind.; 
** Dr. C. M. Kunin, Thorndike Memorial Laboratories, 
Boston, Mass.; t Dr. C. A. Evans, School of Medicine, 
University of Washington, Seattle. 


other. The other serums failed to neutralize 
either strain. 

Disease-Producing Capacities.—Acute 
phase and convalescent serums collected 
from several animals in four of the six 
herds were tested for neutralizing anti- 
bodies against ‘the virus isolated, using the 
tissue culture-neutralization test. 

In one herd (table 3) all animals showed 
a rise in neutralizing antibodies after clini- 
cal recovery. Maximum neutralizing titers, 
which were higher in calves than in cows, 
occurred four to seven months after onset 
of clinical illness. Virus persisted in the 
intestinal tracts of several of these animals 
in spite of significant neutralizing titers. 

Only one sample of convalescent serum 
was available from animals in the other 
herds. In each herd, several animals had 
significant titers against the virus two 
weeks to six months after recovery. 

Experimental exposures of animals to 
these viruses are limited. Virus BE-1 caused 
neither signs of illness nor pathological tis- 
sue changes in normal suckling or weaned 
Swiss white mice when inoculated by the 
intraperitoneal, subcutaneous, or intranasal 
routes. However, this virus caused illness 
and extensive myocardial necrosis (fig. 2) 
in weaned mice when inoculated intraperi- 


Fig. 2—-Section of a mouse heart, showing areas 
of myocardial necrosis and calcification. x 100. 
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TABLE 4—Intracardial Inoculation of Pregnant Guinea Pigs with Virus BE-165 (t.c.d.so 
Titer 10”*/ml.) 


Stage of 
pregnancy 
(days) 


Virus 
dilution 


Amount of 
inoculum 


Animal 
(No.) 


Termination of pregnancy 


1 ml. Undiluted 
1 ml. 
1 ml. 


1 ml. 


50-55 
45-50 
40-45 
40-45 


35-40 


10 
10-* 
Tissue cul- 
ture fluid 
Tissue cul- 
ture fluid 


30-35 
8-12 
40-45 


45-50 


3 stillborn offspring. 

6 stillborn offspring. 

4 stillborn offspring. 

1 living offspring; died 1 day later. 

2 stillborn offspring. 

2 living offspring; both died a few days later. 
4 living offspring; 1 died a few days later. 

4 living offspring; killed 1 day later. 


4 living offspring; remained healthy. 


4 living offspring; remained healthy. 


tor» ‘ly after two to three daily intramus- 
cular doses (2.5 mg.) of cortisone acetate.* 

Various concentrations of virus BE-165 
were inoculated intracardially into guinea 
pigs in various stages of pregnancy (table 
4). Those inoculated after 40 days of preg- 
naney delivered stillborn offspring. Those 
inoculated before 30 days of pregnancy 
delivered living offspring. However, sev- 
eral of the living offspring appeared weak 
at birth and died later. Most of the dead 
fetuses showed serosanguineous subcutane- 
ous and intermuscular edema, considerable 
amounts of serosanguineous fluid in the 
serous cavities, and marked fatty changes 
in the liver. The offspring which died after 
birth showed fatty degeneration of the liver. 
Virus could not be reisolated from organs 
of the dead guinea pigs. 

Two pregnant guinea pigs which were 
inoculated intracardially with tissue cul- 
ture fluid (Tris) during the last half of the 
gestation period delivered normal, healthy 
offspring. 

Preliminary studies indicate that colos- 
trum-fed calves, 2 to 10 days old, are not 
suscept’ble to virus BE-]1 when exposed by 
the intraperitoneal, subcutaneous, intrave- 
nous, intranasal, and oral routes. The virus 
could not be reisolated from organs or feces 
after exposure. 

Two calves, exposed to this virus by the 
intravenous and intraperitoneal routes 
when 1 month old, showed no elinical ill- 
ness but had a few small areas of consoli- 
dation in the lungs when killed 14 days 
after exposure. 

Two calves, 1 month old, which were ex- 
posed to this virus after three daily doses 


* Produced by Merck Sharp and Dohme, Inc., Phil- 
adelphia, Pa. 


(250 mg.) of cortisone developed slight 
temperature elevation and nasal exudate, 
and showed large areas of grayish pink con- 
solidations in the lungs when killed three 
weeks after exposure (fig. 3). The virus 
could not be reisolated from the lungs of 
these calves. 


Discussion 


The isolation and characterization of six 
strains of bovine cytopathogenic enterovi- 
rus have been described. The cattle herds 
from which these viruses were isolated all 
had a history of respiratory disease or 
abortion previous to virus isolation. 

The etiological relationship of the isolated 
virus with the clinical condition has not 


Fig. 3—Calf lung, showing extensive areas of con- 
solidation (right). 
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been established. Significant virus antibody 
titers and significant rise in such antibody 
titers following recovery tend to incrimi- 
nate the isolated viruses as a causative 
factor. 

Since the respiratory disease syndrome 
observed in cattle was mild and inconspicu- 
ous and the virus persisted in the intestinal 
tract for a long time after infection, isola- 
tion of these viruses from ‘‘normal’’ cattle 
would be anticipated. Futhermore, the ex- 
tended period of persistence of the virus 
in the feces and the relatively high resist- 
ance of the viruses might well increase their 
spread to new premises and their mainte- 
nance on infected premises. The BE viruses 
might, therefore, prove to be common and 
widespread. 

One of the BE viruses isolated caused 
marked myocardial necrosis in cortisone- 
treated mice. Preliminary experiments also 
indicate that this virus caused pneumonitis 
in cortisone-treated calves. Another virus, 
when inoculated into pregnant guinea pigs, 
caused stillbirths and weak offspring. These 
findings seem to indicate that the disease- 
producing capacities of the BE viruses are 
increased by stressing conditions. 

Both serological types of BE virus were 
neutralized by antiserum against ECBO virus 
strains isolated by Kunin and Minuse °* 
from feces of normal cattle. However, the 
latter viruses did not produce cytopatho- 
genic changes in HeLa cells, and some 
strains caused paralysis of suckling mice. 

Both serological types of BE virus were 
also neutralized by 1Br convalescent serums. 
This may indicate serological relationship 
or, possibly, an experience of the cattle with 
BE virus. The serological relationship to 
IBR must be verified in cross-neutralization 
tests, using specific heterologous immune 
serums, such as rabbit serums. The re- 
spiratory disease syndromes observed in 
connection with the BE virus isolation did 
not resemble 1pr. Virus could not be iso- 
lated from the respiratory tract, and the 
virus isolated from feces affected HeLa 
cells without any process of adaptation. 

One of the viruses (BE-1) did not react 
in complement-fixation tests with human 
adenovirus antiserums. Its morphological 
effects in cell cultures resembled those of 
some of the ECHO viruses but its cell sus- 
ceptibilities seemed different. In general, 
the bovine enteroviruses described appear 
to be unique in their broad spectra of cell 
susceptibility. 


The incidence and distribution of these 
viruses among cattle herds, as well as their 
disease-producing capacities for cattle and 
laboratory animals and their relationship 
to other viruses, are being investigated 
further. 


SUMMARY 


The isolation and characterization of six 
strains of cytopathogenic bovine entero- 
virus have been described. These viruses 
were isolated from feces of cattle with 
histories of respiratory disease or abortion. 
All affected animals in one herd developed 
significant antibody titers after recovery. 

The six viruses fall into two serological 
types. Both types were inhibited in tissue 
culture-neutralization tests by infectious 
bovine rhinotracheitis convalescent serums 
and enteric cytopathogenic bovine orphan 
virus immune serums. The cytopathogenic 
bovine enteroviruses described seem unique 
in their broad spectra of cell susceptibility, 
affecting bovine, porcine, monkey, and hu- 
man cells (including HeLa cells) in vitro 
without any process of adaptation. 
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Feline Infectious Anemia. II. Experimental Cases 


JEAN C. FLINT, D.V.M., Ph.D.; MARTIN H. ROEPKE, Ph.D.; 
RUE JENSEN, D.V.M., Ph.D. 


Fort Collins, Colorado, and St. Paul, Minnesota 


CLINICAL DATA on 30 cats with naturally oe- 
curring cases of feline infectious anemia 
have been outlined in the first paper of 
this series.t Experimental study of the dis- 
ease was made through intravenous, intra- 
peritoneal, and oral inoculation of 76 cats 
and intraperitoneal inoculation of 2 white 
rats, 26 white mice, 14 brown deer mice, 
and 2 dogs. 


MATERIALS AND METHODS 


Cats were obtained from city and county dog 
pounds at Salt Lake City, Utah. Consequently, 
their histories were unknown and their ages could 
only be estimated. Of the 76 cats, 30 were males 
and 46 were females; all were mature animals. 
Rats and mice were obtained from commercial 
sources. The 2 dogs were obtained from a breeder; 
they were 6 months old and had recovered from 
distemper. 

All animals were kept under strict sanitary con- 
ditions and fed according to standard methods. 
They were isolated for a two-week period before 
experimental work began, during which time clini- 
eal examinations, temperatures, and blood counts 
were made at two- and three-day intervals. All ani- 
mals were identified by ear tags or ear notching. 

Hemoglobin determinations were made with a 
Spencer hemoglobinometer. Other hematological 
techniques were carried out according to methods 
outlined by Cartwright.’ 

Splenectomy of Experimental Animals.—After 
perieds of observation of not less than three weeks, 
23 of the cats, both dogs, and most of the rodents 
were splenectomized. Pentobarbital sodium (Nem- 
butal *) anesthesia was used for the cats and dogs, 
and ether for the rodents. Sterile techniques were 
carried out in all operations. 

Transmission Studies.—Transmission studies 
with cats were carried out with whole blood. Blood 
from eats with proved cases of infectious anemia 
was either citrated or heparinized to prevent co- 
agulation and then injected as quickly as possible 
into experimental animals. The intraperitoneal, in- 


From the College of Veterinary Medicine and Agricul- 
tural Experiment Station, Colorado State University, Fort 
Collins (Flint and Jensen), and the School of Veterinary 
Medicine, University of Minnesota, St. Paul (Roepke). 

A portion of these data was included in a thesis sub- 
mitted by the senior author to the Graduate School, 
University of Minnesota, in partial fulfillment of the re- 
quirements for the Ph.D. degree. 

* Nembutal is produced by Abbott Laboratories, North 
Chicago, Ill. 


travenous, and orai routes of inoculation were used 
with cats. Intraperitoneal inoculations were made 
to one side of the median line at a point about 
2 inches anterior to the pubis. The bladder was 
expressed carefully before inoculation. Intravenous 
inoculations were made into the anterior cephalic 
vein. Oral inoculation was performed by placing 
varying amounts of blood in No. 000 gelatin cap- 
sules and then forcing them over the base of the 
tongue with forceps. 

A total of 76 cats was experimentally inoculated 
with infective blood, of which 56 developed clinical 
and hematological signs of infecticus anemia. Of 
these 56 cats, 23 were splenectomized and 33 were 
nonsplenectomized. Twenty cats either failed to 
develop recognizable signs of infection or died of 
other causes. 

Amounts of infective blood used varied, and 
these data for all animals will be given in the 
section on results. 

Eight cats were reinjected with infective blood 
at varying periods after they apparently had re- 
covered from an initial experimental infection with 
Haemobartonella felis. 

Four splenectomized cats were injected with 
pooled blood from eats which appeared normal 
clinically and hematologically. 

Two splenectomized dogs were each inoculated 
intraperitoneally with 4.0 ml. of infective eat blood 
and, 23 days later, each was inoculated intraperito- 
neally with 10.0 ml. of infective blood from a dif- 
ferent cat with infectious anemia. 

Two white rats were splenectomized and held for 
21 days to be sure they were not carriers of Haemo- 
bartonella muris. Pach was then inoculated intra- 
peritoneally with 1.06 ml. of infective cat blood. 
Rat 1 was given blood from an experimentally in- 
fected cat; rat 2 was given blood from a cat with 
a clinical infection. 

Twenty-six white mice were splenectomized and 
held for 21 days. Each then was inoculated intra- 
peritoneally with 0.5 ml. of infective blood from 
cats with both clinical and experimental cases. 

Eight splenectomized brown deer mice were given 
1.0 ml. of infected blood from an experimental cat 
and, 30 days later, were given 0.5 ml. of infected 
blood from a eat with a clinical infection. 

Six splenectomized brown deer mice and 10 intact 
white mice were fed grain on which infected blood 
had been poured at the rate of 10 ml. of blood to 
2 oz. of barley. They were kept on this ration until 
it had been consumed entirely (approx. 7 days). 

Animals that died were necropsied for gross and 
histopathological studies. 
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TABLE 1—Relapses in Two Cats After Splenectomy 


Item 


Days between apparent recovery and splenectomy 


Cat 51 


Average hemoglobin level before splenectomy (Gm./100 ml.) 


Days until blood smears positive after splenectomy 
Hemoglobin level on first day positive (Gm./160 ml.) 


Lowest hemoglobin level after splenectomy (Gm./100 ml.) 


Day of lowest hemoglobin level after splenectomy 
Peak temperature (F.) 

Day of peak temperature after splenectomy 
Days until death after splenectomy 


* Animal was killed. 


Treatment of various types was given to 19 cats 
with positive cases of feline infectious anemia. 
Blood transfusions, arsenical injections, and anti- 
biotic therapy were used. 


RESULTS 


Feline infectious anemia was produced 
experimentally in both nonsplenectomized 
and splenectomized cats of varying ages by 
the introduction of infected blood orally, 
intraperitoneally, and intravenously. Ex- 
perimental cases could not be differentiated 
clinically, hematologically, or pathologically 
from spontaneous cases, when comparisons 
were made during the acute stage. Cats 
that recovered from the acute stage of feline 
infectious anemia were not immune to sub- 
sequent attacks when reinjected with in- 
fected blood. 

Of 76 cats given inoculations with in- 
fected blood or other infected material by 
various routes, 56 developed the disease 
(table 4), as indicated by positive blood 
smears. Of these, 33 were nonsplenecto- 
mized and 23 were splenectomized. 

Summary of Transmission Studies Using 
Nonsplenectomized Cats—Intraperitoneal 
Inoculation of Infected Blood.—Of 21 cats 
inoculated intraperitoneally, 20 had posi- 
tive blood smears at periods of 9.0 to 34.0 
days, with an average of 15.7 days. Blood 
smears from 1 typically infected cat were 
negative for organisms, but the hemoglobin 
level dropped to 4.0 Gm./100 ml. on day 20. 

Of the 21 cats, 18 showed hemoglobin 
levels of 6.5 Gm./100 ml. or less during the 
course of their infections; the average time 
to reach the low level was 20 days. Three 
cats showed positive blood smears, but their 
hemoglobin levels did not drop below 9.0 
Gm./100 ml. 

Intravenous Inoculation with Infected 
Blood.—Of 10 cats, 8 had positive blood 
smears at periods of 8.0 to 23.0 days, with 
an average of 16.4 days. Two cats failed to 
show the organisms in- peripheral blood 
smears, although they became anemic (Hb, 


6.0 and 4.0 Gm./100 ml., respectively) and 
had other typical signs of the disease. Peak 
temperatures ranged from 102.0 to 105.2 F., 
with an average of 103.6 F. 

Oral Inoculation with Infected Blood.— 
Two cats were given 2.0 and 5.0 ml., respee- 
tively, of infected blood. The first had posi- 
tive blood smears on postinoculation day 
31 and died on day 48; the second had posi- 
tive blood smears on day 13 and died on 
day 26. 

Summary of Transmission Studies Using 
Splenectomized Cats—Intraperitoneal In- 
oculation with Infected Blood.—Nine cats 
inoculated by this route had positive blood 
smears at periods of 9.0 to 32.0 days, with 
an average of 16.8 days. Seven of them had 
hemoglobin levels of less than 6.5 Gm./100 
ml. during the course of the infections. 
Four were killed during the height of the 
infection ; the other 5 died at periods of 16 
to 34 days. 

Intravenous Inoculation with Infected 
Blood.—Ten eats inoculated by this route 
had positive blood smears at periods of 5.0 
to 39.0 days, with an average of 13.3 days. 
Eight cats developed hemoglobin levels of 
6.5 G@m./100 ml., or less. 

Oral Inoculation with Infected Blood.— 
Four cats inoculated by this route had posi- 
tive blood smears at periods of 22.0 and 
51.0 days, with an average of 41.5 days. 
Only 1 had a hemoglobin level as low as 
6.5 Gm./100 ml. However, temperatures 
were uniformly high and, clinically, the 
infection was typical. All 4 cats recovered. 

Relapses in Two Cats After Splenectomy. 
—Two nonsplenectomized cats inoculated 
with infective blood showed positive blood 
smears and apparently recovered (cat 19 
without treatment, cat 51 with treatment). 
After their hemoglobin levels had returned 
to normal, they were splenectomized. Within 
seven days after splenectomy, the hemo- 
globin level of cat 19 had dropped from 
8.5 to 5.5 Gm./100 ml. and, on the tenth 
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TABLE 2—Data on Eight Cats Reinjected with Infected Blora After Apparent Recovery 


from Previous Attack 


Hb when 
reinjected 
(Gm./ 
100 ml.) 


Day re- 
injected 
after 
recovery 


Spleen 
condition 


Route of 
injection 


Days 
until 
positive 


Amount 
blood 
(ml.) 


100 ml.) Termination 


Intact 60 i.p. 
Intact f i.p. 
Splenectomized* 44 of i.p. 
Splenectomized + 22 9. i.v. 
Splenectomized+ ¢ J i.p. 
Splenectomized* 2 9.£ i.v. 
Splenectomized+ 5 i.p. 
Splenectomizedt 


original and second infection; 


day, the hemoglobin level was 4.5 Gm./100 
ml. It died on the twelfth day. 

Cat 51 had a hemoglobin level of 12.0 
Gm./100 ml. when splenectomized and had 
been normal, clinically and hematologically, 
for 72 days. On day 28 following splenec- 
tomy, the hemoglobin level was 8.0 Gm./ 
100 ml., and the blood smear showed nu- 
merous parasites on the erythrocytes. Dur- 
ing the next 25 days, the cat had only three 
positive blood smears. When killed on day 
57, its hemoglobin level was 9.5 Gm./100 
ml. The leukocyte count never was less 


than 31,000 per cubie millimeter of blood 
during this period, and rose to 49,600 be- 


fore death. Detailed data on these 2 cats 
are given (table 1). 

Reinjection of 8 Cats with Infective Blood 
After Apparent Recovery from an Earlier 
Infection.—The cats had appeared normal, 
clinically and hematologically, for periods 
of 22 to 79 days when they were reinjected. 
Two of them were intact, 1 was splenecto- 
mized before the initial inoculation, and 5 
were splenectomized between the first and 
second inoculations with infective blood. 
Seven had positive blood smears between 
days 7 and 23, 3 died, and 5 recovered with- 
out treatment (table 2). 

Transmission Studies Using Blood from 
Apparently Normal Cats.—Four splenecto- 
mized cats were inoculated with pooled 
blood from hematologically normal cats that 
had entered the clinie for treatment of cat 
bite abscesses or other minor ailments (table 
3). All 4 had positive blood smears within 
the prescribed periods of time; 3 developed 
severe anemias, with hemoglobin levels of 
6.5 Gm./100 ml. or less. Three cats re- 
covered without treatment and 1 died. 

Summary of Transmission Studies Using 
Rats, Mice, and Dogs.—In no instance was 
it possible to show infection in these ani- 


Recovered ** 
Recovered 
Recovered 
Recovered 
Died (34) 
Recovered 
Died (24) 


22 4.75 
23 8.50 
6.00 
5.00 
4.00 
6.50 
4.00 
5.50 


104.0 
103.0 
105.0 
102.6 
105.2 
103.8 


| 
cot 


** cat recovered without treatment. 


mals, as indicated by positive blood smears, 
anemia, or death. 

Results of Hematological Studies in 56 
Experimental Cats—Hemoglobin.—Of 690 
hemoglobin determinations made during 
preinoculation periods, the average value 
was 11.34 Gm./100 ml. After infection 
could be shown by Giemsa-stained smears, 
518 determinations showed an average he- 
moglobin content of 6.41 Gm./100 ml. 

Erythrocytes.—_Similarly, 463 counts 
made before inoculations gave an average 
of 7,940,000 erythrocytes per cubic milli- 
meter of blood. In cats showing infection, 
the average was 3,300,000 per cubic milli- 
meter. 

Leukocytes.—The average of 589 counts 
made before inoculation with infective 
blood was 19,980 leukocytes per cubic milli- 
meter of blood. In 337 counts on infected 
cats, it was found to be 18,060 leukocytes 
per cubie millimeter. 

Hematocrit Determinations.—A total of 
144 determinations for packed erythrocyte 
volume was made on 27 experimental cats 
before inoculation with infective blood. The 


TABLE 3—Injection of Four Splenectomized Cats 
with Blood from Apparently Healthy Cats Selected 
at Random 


Item Cat55 Cat59 Cat61 Cat67 Mean 


Route of 
inoculation i.v. i.v. i.p. i.v. 
Amount of blood 
used (ml.) 
Days until blood 
smears positive 
Days until anemic 
Hemoglobin level of 
first day positive 
(Gm./100 ml.) 
Lowest hemo- 
globin level 
(Gm./100 ml.) 6.5 
Peak tempera- 
ture (F.) 
Day killed 


* Animal was recovering when killed. 


105.4 
52* 


102.6 
61* 


103.8 102.4 
52 32* 
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average was 34.96 per cent. After infection 
was established and the hemoglobin levels 
had dropped to 7.5 Gm./100 ml. or less, 56 
hematocrit determinations made on 13 cats 
showed the packed erythrocyte volume to 
be 17.97 per cent, or 51.1 per cent of the 
normal hematocrit value. 

Sedimentation Rates for One Hour.-A 
total of 136 determinations of sedimenta- 
tion rates on 21 experimental cats before 
inoculation gave an average rate of fall of 
42.9 mm. per hour. After infection was 
established, 56 determinations on 13 cats 
gave a sedimentation rate of 69.89 mm. 
per hour. No correction was made in the 
latter data for increased rate due to a 
reduction in total number of erythrocytes. 

Mean Corpuscular Volumes of Erythro- 
eytes.—A total of 144 determinations on 
27 experimental cats before inoculation 
with infected blood gave an average mean 
corpuscular volume of 46.73 eu. After in- 
fection was established, 56 determinations 
on 13 cats gave an average mean corpuscu- 
lar volume of 58.37 ep. 

Mean Corpuscular Hemoglobin.—A total 
of 144 determinations on 27 experimental 
cats before inoculation with infected blood 
gave an average mean corpuscular hemo- 
globin level of 15.33 pug.(yy). On 13 in- 
fected cats, the average was 18.00 yy in 56 
determinations. 

Mean Corpuseular Hemoglobin Concen- 
tration.—A total of 144 determinations on 
27 experimental cats before inoculation 
with infected blood gave an average mean 
corpuscular hemoglobin concentration of 
32.83 per cent. In 13 infected cats, 56 de- 
terminations gave an average of 31.05 per 
cent. 

Gross and H’stopathological Studies.— 
Minimal lesions were present at necropsy of 


56 cats experimentally infected with feline 
infectious anemia. Aside from the marked 
anemia which was present consistently, ic- 
terus, enlargement of the spleen and, to a 
lesser extent, enlargement of lymph nodes 
were common lesions (‘ble 5). 
Histopathological examination of tissues 
revealed little additional information. Si- 
nusoids of the spleen were enlarged, with 
erythrocytes and large amount of blood pig- 
ment present in macrophages. Lymph nodes 
were hemorrhagic in about 25 per cent of 
the cats and edematous in a slightly higher 
percentage. Hyperplasia of the bone mar- 
row was evident in most cats which were 
not in final stages of the disease. Other 
organs, on the whole, were free of lesions. 
Treatment of Experimentally Infected 
Cats—Twenty blood transfusions were 
given to 14 cats experimentally infected 
with infectious anemia; ten responses were 
considered good, six fair, and four poor. 
Hemoglobin levels of most of the cats were 
below 5 Gm./100 ml. when transfusions 
were given; some of these cats were nearly 
comatose. Approximately 8.0 ml. per pound 
of body weight (40 ml. for the average- 
sized cat) gave best results. Repeated trans- 
fusions, at intervals of three or four days, 
proved beneficial in most instances. 
Oxyphenarsine hydrochloride (Mephar- 
sen*), an arsenical compound, was used in 
treating 10 cats experimentally infected 
with feline infectious anemia during acute 
stages of the disease. Six made good re- 
eoveries, 3 made fair responses, and 1 failed 
to show improvement. Cats vary in their 
reactions to oxyphenarsine hydrochloride. 
In general, the reactions tend to be severe, 


* Mepharsen is produced by Parke, 
Detroit, Mich. 


Davis and Co., 


TABLE 4—Summary of Transmission Studies (Mean Figures for 56 Cats) 


Methods of 
transmis- 
sion 


Days 
until 
positive 


Spleen* 
condition 


Days Peak 
until 


anemic 


Day of 
lowest 


Hb 


Day of peak 
temperature 


Nonsplen- 
ectomized 
Splenec- 
tomized (9) 
Nonsplen- 
ectomized (10) 
Splenec- 
tomized (10) 


Intra- 
peritoneal 


15.70 


Intravenous 


Parenteral mean 

Nonsplen- 
ectomized (2) 

Splenec- 
tomized (4) 


Oral 


Oral mean 


20.00 23.10 103.9 


20.14 18.66 104.0 


18.90 21.10 103.6 
193.9 


103.85 


24.30 
21.79 
33.50 104.5 


104.3 
104.4 


* Number of cats shown in parentheses. 
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with vomiting and diarrhea as frequent 
sequelae. 

Antibiotics were used in treating 11 ex- 
perimentally infected cats. Five were given 
oxytetracyline (Terramycin') orally, at the 
rate of 100 mg. each morning and night. In 
2 cats, where the treatment was continued 
for 20 days, good responses were observed ; 
in 1, slight improvement occurred after 
eight days of treatment. Two cats showed 
no favorable responses to treatment. 

Tetracycline (Achromycin, Tetracyn **) 
gave good results orally, at the same dosage 
and schedule, in all 6 cats in which it was 
used. In each instance, treatment was con- 
tinued for 18 to 29 days. 


DISCUSSION 


As reported in the first section of this 
study, feline infectious anemia appears to 
be widespread in the United States. The 
number of diagnosed cases increases as 
practitioners! become aware of the clinical 
symptoms and look for the disease. 

Experimentally, the disease resembles 
hemobartonellosis in other animals in many 
respects, but with this outstanding differ- 
ence: The effect of splenectomy is minor in 
eats, whereas it is of prime importance in 
rodents, dogs, and other animals.® 

There were only minor differences be- 
tween splenectomized and nonsplenecto- 
mized eats, regardless of the type of 
parenteral infection. When inoculated 
orally, it took almost twice as long, on the 
average, for splenectomized cats to show 
positive reactions, but the numbers were 
too small in this instance to be conclusive 
(2 nonsplenectomized, 4 splenectomized ; 
table 4). 

However, (table 1), 2 intact cats which 
apparently had recovered from experi- 
mental infections relapsed with acute cases 
within 6 and 28 days, respectively, after 
splenectomy. It is probable that any stress 
condition (such as pregnancy, starvation, 
hysterectomy) would have produced a re- 
lapse. It is believed that most spontaneous 
eases seen in practice are relapses in cats 
that have experienced stress conditions. A 
number of the severely infected experi- 
mental cats in this study made satisfactory 
clinical recoveries without treatment, and 


Pfizer and Co., 


+ Terramycin is produced by Chas. 
Brooklyn, N.Y. 

** Achromycin is produced by Lederle Laboratories, 
Pearl River, N.Y.; Tetracyn is produced by Chas. Pfizer 
and Co., Brooklyn, N.Y. 


TABLE 5—Gross Findings at Necropsy of 56 In- 
fected Cats 


Lesions 


Generalized anemia 
E 


ciation 


Icterus 


Perpheral lymphadenitis.... 
Pericarditis 

Cystitis. 

Pneumonia 
Bone marrow hyperplasia... 
Gastroenteritis 

Internal parasites 


* Six cats were infected with roundworms, 1 with 
tapeworms. 


it is believed that this occurs frequently 
in cats at home. 

Many older cats apparently carry the in- 
fective organisms for long periods of time 
(table 3). Flint and Moss* and Splitter 
et al. confirm this. It is apparent that 
donor cats constitute a hazard to routine 
blood transfusions in the clinic. 


IMMUNITY 


There is no evidence to indicate that the 
cat acquires an active immunity to feline 
infectious anemia. A study of table 2, 
which gives data on 8 cats which were rein- 
jected with infective blood after apparent 
recovery from initial attacks, indicates that 
any immunity which is established is weak 
or of short duration, or both. It may 
be similar to pneumonitis in cats in this 
respect. 

It would appear that premunition is the 
only type of immunity existing in this dis- 
ease. Neitz,> who studied Bartonella and 
eperythrozoa extensively, stated : 


It is difficult to explain why relatively few 
arimals develop clinical symptoms after 
infec.i>. (with Haemobartonella). In Haemo- 
ba.‘ mella muris infection in rats, Trypano- 
soma gambiense may interrupt the premunity, 
and in Eperythrozoon coccoides infection in 
mice, Plasmodium berghei may cause a re- 
lapse. Haemobartonella canis in Europe occurs 
as a submicroscopie infection while in India 
this organism can be demonstrated in large 
numbers in non-splenectomized dogs. Eperyth- 
rozoon suis has been encountered in your coun- 
try in swine after immunization against hog 
cholera. Thus it appears that under stress of 
circumstances, relapses can develop. 


It is reasonable to assume that large 
numbers of cats contract the disease during 
the first three years of their lives. Most of 
the cases are subclinical and are not diag- 
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nosed. Recovery probably is slow but un- 
eventful in most instances, with only a few 
vases becoming acute. 

It is believed that stress conditions, such 
as starvation, cold, pregnancy, neoplasia, 
abscesses, pneumonitis, and other factors of 
this type, lower resistance and allow the 
Haemobartonella organisms to multiply 
and produce clinical signs of the disease. 
Each of these stress factors has been en- 
countered in cats with clinical cases in Salt 
Lake City. This accounts for the high per- 
centage of cats with ‘‘relapsed’’ cases, often 
chronic in nature, which are seen in vet- 
erinary clinics. 

At this stage of the investigation, there 
is virtually no evidence to indicate how the 
infection is spread. In most Haemobarto- 
nella infections of other animals, it has 
been assumed that insect vectors are the 
most common means of spread. However, 
in Salt Lake City, fleas are virtually un- 
known and mosquitoes and other insects 
are uncommon within the city, so it is not 
likely that insect vectors are mainly respon- 
sible there. 

Infected and noninfected cats have been 
kept in the same cages for months at a time 
without evidence of spread of the infection. 

Aside from blood smears which show the 
organisms, the signs of feline infectious 
anemia are nonspecific and, unfortunately, 
the organisms are discernible in peripheral 
blood smears only part of the time. How- 
ever, hemoglobin determinations and leuko- 
cyte counts are of major importance in di- 
agnosis. The former give the most accurate 
measure of the degree of anemia and the 
latter indicate the body’s response to the 
challenge of the invading organisms. In 
young cats, leukocyte counts also are of 
value in differentiating the disease from 
feline panleukopenia. 

The average hemoglobin level for normal 
cats is about 11.0 Gm./100 ml., according to 
most workers. In this study, the average 
for 690 determinations on 56 normal eats 
was 11.34 Gm./100 ml. It was decided, 
arbitrarily, on the basis of clinical and 
experimental observations, that a hemoglo- 
bin level of 6.5 Gm./100 ml. would be con- 
sidered the ‘‘breaking point’’ and that cats 
with lower levels would be considered ane- 
mic. In a majority of instances, cats having 
hemoglobin levels of 6.5 Gm./100 ml. or 
less showed H. felis organisms in peripheral 
blood smears at some time, and most under- 
went further lowering of hemoglobin levels. 


Anemia in the cat was relatively uncom- 
mon in 20 years of clinical experience. 
While other factors may cause anemia, a 
possible diagnosis of feline infectious ane- 
mia should be considered when hemoglobin 
levels of 6.5 Gm./100 ml. or less occur. 

Macrocytosis is another sign which is 
indicative of anemia and, possibly, feline 
infectious anemia. Increased size of eryth- 
rocytes is readily apparent in cats with ad- 
vanced cases; as many as 50.0 per cent of 
the cells may be the size of canine erythro- 
cytes. The mean corpuscular volume of nor- 
mal feline erythrocytes was found to be 
46.73 cu, while the average for infected ani- 
mals was 58.37 eu. This increase of 27.05 
per cent apparently is due to the forcing 
out of the bone marrow of many immature 
cells in an effort to meet the challenge for 
more oxygen-carrying capacity. When mac- 
rocytosis is present, anisocytosis necessarily 
is prominent and, usually, nucleated eryth- 
rocytes and large blue-staining normoblasts 
are numerous. 


ETIOLOGY 


The organisms, believed to be a species of 
the genus Haemobartonella, were described 
in the first section of this paper. The 
classification as Haemobartonella species is 
based on the following: (1) Similar organ- 
isms have been described in mah (bartonel- 
losis) and in rodents and dogs, and have 
been classified as Haemobartonella in ‘‘ Ber- 
gey’s Manual,’’! and by Weinman ® and 
others; and (2) the only other group of 
organisms which resembles those seen in the 
cat are eperythrozoa, which have been 
found in cattle, sheep, hogs, and rodents, 
and can be differentiated without great dif- 
ficulty.’ Eperythrozoa nearly always are 
widely dispersed in the plasma ; Haemobar- 
tonella organisms rarely are seen free of 
the erythrocyte and, when so found, proba- 
bly have just been released by a hemolyzed 
erythrocyte. 

Further, eperythrozoa predominate as 
‘‘ring’’ forms, although rod and coccoid 
forms are described. Neitz ° examined blood 
smears from this series of clinical and ex- 
perimental cases, and stated: ‘‘I have spent 
some time examining the slides and have 
come to the conclusion that the parasites 
belong to the genus Haemobartonella. In 
some respects this organism resembles 
Haemobartonella canis (Kikuth).’’ 

In this connection, it should be recalled 
that recognizable infections did not oceur in 
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2 splenectomized pups after injection of in- 
fective cat blood. 


THERAPY 


Evaluation of therapeutic measures usu- 
ally is difficult and, in this study, it was 
particularly so, as the disease processes 
were largely unknown. Under field con- 
ditions, it is probable that many cats re- 
cover without treatment, but remain latent 
carriers of the disease. 

The earliest attempts at treatment were 
trial and error procedures, with poor re- 
sults, on the whole. Many of the affected 
cats were moribund when presented at the 
clinic. Nevertheless, 8 of 15 treated cats did 
recover. Of 19 experimentally infected cats 
treated, 15 recovered. This appears to in- 
dicate that proper treatment does increase 
the chance of recovery. 

Blood transfusions are essential for the 
severely anemic animal. The cat may be 
kept alive by this method long enough to 
permit other therapeutic agents to become 
effective. A number of cats with both elini- 
cal and experimental infections made un- 
eventful recoveries after two or more blood 
transfusions, without the aid of antibiotics. 
Unless the patient is moribund, the re- 


sponse to transfusion usually is excellent, 


for a day or two at least. Transfusions 
should always be the first therapeutic 
measure. 

Arsenicals are presumed to be almost 
specific for hemobartonellosis in other ani- 
mals, but the cat often is hypersensitive to 
them. In this study, they were discarded 
in favor of antibiotics. Arsenicals must be 
given intravenously and there is a wide 
range of toleration. In this study, severe 
diarrhea, depression, and vomiting often 
followed its use; these conditions were not 
conducive to recovery in animals already 
near death. 

Oxytetracycline and, later, tetracycline 
hydrochloride were used effectively in con- 
junction with blood transfusions. Results 
were better when it became obvious that, as 
in anaplasmosis, treatment must be con- 
tinued for at least 21 day ». 

Better methods of .reating feline infec- 
tious anemia are needed, and further inves- 
tigation should be directed along this line. 


FieLps ror FurTHER Stupy 
This investigation necessarily was limited 


FEevINE INFectTious ANEMIA. II. 


in scope, aid~the following matters were 
encountered which need further study : 

1) Differential leukocyte analysis. There 
was considerable variation in the differ- 
ential blood picture in this disease. Prog- 
nosis might be determined by a _ better 
understanding of the leukocyte changes. 

2) Method of spread among cats under 
normal field conditions. 

3) Methods of immunizing against feline 
infectious anemia. 

4) Bone marrow studies. Preliminary 
investigations indicate that bone marrow 
smears may show organisms on immature 
erythrocytes when they are not present in 
peripheral blood. 

5) Methods of culturing the organisms 
on artificial mediums. 

6) Improved methods of diagnosis. 
Newer techniques need to be developed, 
with possible adaptation of those now used 
in the study of anaplasmosis. 

7) Therapeutic studies. Only a few ther- 
apeutic agents were given a preliminary 
trial in this study. This number should be 
expanded in an effort to find an agent that 
will kill all the organisms within the cat’s 
body. 

SUMMARY 

1) Feline infectious anemia is an acute 
or chronic blood parasitic disease charac- 
terized by emaciation, depression, anorexia, 
and initial high temperatures. A macrocytic 
hemolytic anemia develops, which produces 
a characteristic hemogram. 

2) Data are presented on 56 cats experi- 
mentally infected with the etiological agent 
of feline infectious anemia. These data sup- 
plement those reported previously for 30 
eats with clinical cases of the disease. The 
name, Haemobartonella felis, is proposed 
for the organisms. 

3) Cats of all ages are readily infected 
with the organisms by intraperitoneal, in- 
travenous, or oral routes. The effect of 
splenectomy is minimal in the cat, in con- 
trast to other animals. 

4) Transmission of the infective agent to 
splenectomized rats, mice, and dogs was 
not successful. 

5) Immunity to the disease is weak or 
transitory, or both. Relapses occur and cats 
that appear, clinically and hematologically, 
to have recovered from the disease may be 
reinfected by injections of the organisms. 

6) Broad-spectrum antibiotics and blood 
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transfusions offer the best method of treat- 
ment at present. 
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Observations on Pyometra in Dogs, with Reference to the 
Hypothalamic-Hypophysial Neurosecretory System 


S. TALANTI, D.V.M. 
Helsinki, Finland 


PyoMETRA, or hyperplastic endometritis, is 
encountered most frequently in bitches over 
5 years of age. It is characterized by an ac- 
cumulation of pus within the uterus. The 
eause of this condition is unknown. The 
contents of the affected uterus often are 
sterile.1* In some cases, however, there may 
be bacterial contamination.! This infection 
has been considered a causative factor. 
However, according to results presented by 
a number of authors, we would have to 
assume that hormone imbalance is an im- 
portant primary etiological factor.* 

Polydipsia often is the first sign observed. 
Polyuria also may be noticed. Simultane- 
ously with polyuria, the specific gravity of 
the urine is low, in many cases approxi- 
mately 1.001 to 1.005. The kidneys have 
lost, at least to some extent, the capacity to 
concentrate urine.* At a more advanced 
stage of the disease, this impairment of 
renal function can be due to organic renal 
changes. However, our preliminary obser- 
vations showed that the kidneys are intact 
at the beginning of the disease. 

Apparently, the principles of the poste- 
rior lobe of the hypophysis function as a 
regulator in the water balance of the organ. 
According to the theory of neurosecretion,™ 
these principles of the posterior lobe are 
synthesized in the hypothalamic ganglion 
cells of the supraoptic and paraventricular 
nuclei. They migrate within the nerve fibers 
of the supraoptico-hypophysial and para- 
ventriculo-hypophysial tract into the neu- 
rohypophysis. Here they are stored and, 
if necessary, released. Much hypothetical 
evidence has been presented to support the 
view that the principles of the posterior 
lobe are histologically demonstrable with 
some selective staining methods,’ e.g., 
Goémori’s chrome-alum-hematoxylin-phlox- 
ine method and Gémori’s aldehyde-fuchsin 
method.® 

In some pathological conditions, changes 
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in the amount of stainable neurosecretory 
substance can be demonstrated with these 
methods. Strong dehydration causes disap- 
pearance of the material to some extent.’ 
It was observed that, in experimental dia- 
betes insipidus, material was practically ab- 
sent in the neurohypophysis.® As disturb- 
ances in water balance apparently exist in 
animals with pyometra, at least at an early 
stage, it can be assumed theoretically that 
changes also occur in the hypothalamic- 
hypophysial neurosecretory system. 

The purpose of this study was to deter- 
mine if it was possible to demonstrate these 
changes by using purely histological 
methods. The staining was done with Gim- 
dri’s aldehyde-fuchsin reagent, which has 
proved particularly applicable in demon- 
strating neurosecretory phenomenon.**: 1% 15 


MATERIALS AND METHODS 


Six bitches, 6 to 11 years old, were killed because 
of clinically confirmed pyometra. They had marked 
polydipsia and were killed at an early stage of the 
disease. Necropsy showed that all had a distinct 
accumulation of pus within the uterus. No evidences 


Fig. 1—Supraoptic nucleus from a dog with pyo- 

metra. Some ganglion cells are filled with strongly 

stainable aldehyde-fuchsin-positive material. 
Gomori’s aldehyde-fuchsin stain; x 400. 
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Fig. 2—Supraoptic-hypophysial tract from a dog 

with pyometra, showing rows of aldehyde-fuchsin- 

positive granules. GémOri’s aldehyde-fuchsin stain; 
x 200. 


of pathological changes in the kidneys could be 
found. 

The control group consisted of 10 bitches, 5 to 
13 years old, which were demonstrated to be healthy 
by both clinical examinations and necropsies. 

After the animals were killed, the brains were 
removed, avoiding postmortem injuries. The pieces 
of the brains were fixed in Bouin’s fluid and em- 
bedded in paraffin. After deparaffinization and 


Fig. 3—Sagittal section through the neurohypophy- 
sis of a dog with pyometra. The distribution of 
the neurosecretory material is heterogeneous. A 
zone of the adenohypophysis is shown at bottom. 

GoémGri’s aldehyde-fuchsin stain; x 180. 
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hydration through xylene and alcohol series, they 
were stained with GémO6ri’s aldehyde-fuchsin method 
as modified by Landing et al." The sections from 
dogs in the control group were stained under the 
same conditions. 

RESULTS 

Supraoptic and Paraventricular Nuclei. 
—Strongly stainable granular substance 
oceurred in the secretory ganglion cells of 
the does in the control group, as well as of 
the bitches with pyometra (fig. 1). The 
groups apparently did not differ much 
from each other, although the number of 
ganglia devoid of granules in bitches with 
pyometra appeared to be greater than that 
in dogs in the control group. 

Supraoptico-Hypophysial and Paraven- 
triculo-Hypophysial Tract.—Neurosecre- 
tory substance in dogs of both groups ex- 
isted as granular material. The granules 
formed long rows along the length of the 
tract (fig. 2). Occasional accumulations 
with abundant aldehyde-fuchsin-positive 
material (so-called ‘‘Herring  bodies’’) 
could be found. No differences between the 
groups could be observed. 

Neurohy pophysis.—Stainable material in 
bitches of the control group was seen as 
small granules distributed densely over the 
entire gland (fig. 4). Material was most 
abundant around the blood vessels. The 
amount of material in bitches with pyo- 
metra was conspicuously smaller. In some 


Fig. 4—Sagittal section through the neurohypophy- 
sis of a control dog. The aldehyde-fuchsin-positive 
material is evenly distributed in the tissue network. 
Goémiori’s aldehyde-fuchsin stain; x 300. 
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places, the tissue network was almost de- 
void of granules (fig. 3). Material in dogs 
of this group also was clustered around the 
blood vessels. The searcity of aldehyde- 
fuchsin-positive material in some areas 
made it difficult to determine the boundary 
between the posterior lobe and the rest of 
the hypophysis; in dogs in the control 
group, this boundary was distinct. 
DiscUSSION 

The results showed that, in dogs with 
pyometra, the neurosecretory material de- 
creased in amount in some parts of the 
hypothalamic-hypophysial system. As men- 
tioned previously, the neurosecretory sub- 
stance may contain the principles of the 
posterior lobe. The reduction of material 
probably can be explained only in two 
ways: The secretion of material, (?.e., hor- 
mones in the nucleic ganglion cells) had 
decreased, or the release of hormones into 
the blood had increased to such an extent 
that the synthesis was not sufficient to com- 
pensate for it. The first possibility suggests 
a primary hypothalamic disturbance; the 
second could be due to a peripheral distur- 
bance which causes an additional need of 
the posterior lobe hormones. 

The clinical signs in dogs with pyometra 
indicate that there is a relatively small 
amount of the principles of the neurohy- 
pophysis in the organ. As early as 1947, 
Carlstrém * proposed the hypothesis that 
the low specific gravity of the urine was a 
result of the disturbances in the secretion 
of the hormones of the posterior lobe. Other 
clinical signs, primarily the affected tonus 
of the smooth musculature in the uterus, 
also suggest the lack of action of the prin- 
ciples of the posterior lobe. 

It is impossible to determine what as- 
sociation these conditions have with other 
hormonal disturbances. 

If water imbalance is related to hypotha- 
lamie disturbances, it seems obvious that 
the factors which cause these disturbances 
also produce other endocrine abnormalities. 
Further studies are in progress. 


SUMMARY 


The hypothalamic-hypophysial systems of 
6 bitches with pyometra and 10 healthy con- 
trol bitches were studied, using Goémdri’s 
aldehyde-fuchsin method. The amount of 
neurosecretory material had decreased in 
some parts of the neurosecretory system in 
bitches with pyometra. The connection of 
this condition with the eventual disturbance 
in the secretion of the principles of the pos- 
terior lobe was discussed. 
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The Use of Glycine-1-C “ in the Measurement of Serum Protein 
Turnover Rates in Dairy Cows 


CHARLES E. CORNELIUS, D.V.M., Ph.D.; ARTHUR L. BLACK, Ph.D.; 
MAX KLEIBER, D.Sc. 


Davis, California 


MeruHops employing the relative uptake of 
amino acids into tissue and serum proteins 
have been used in a multitude of investiga- 
tions.!® 27, 33,34 Studies concerning methods 
used in the measurement of serum protein 
turnover rates in mammals have been made 
primarily on the rat,” dog,”*! and 
man.11,25 

Dixon et al.7°™ using procedures employing 
transfused I'-tagged albumin and gamma globu- 
lin, investigated serum protein turnover in steers 
and nonlactating cows. They found half-time 
(ti2) values for I'-tagged albumin and gamma 
globulin in cattle to be 20.0 +1.1 and 21.2 +1.7 
days, respectively. 

Many investigators*® have obtained results, 
using C-labeled proteins, that conflict with values 
caleulated using 1™'-tagged serum proteins. In a 
study of iodine denaturation of plasma proteins, 
MeFarlane™ cast doubt on the validity of iodi- 
nated protein turnover data obtained with methods 
other than the ‘‘jet-iodination’’ technique. The 
coupling of large quantities of I may render the 
protein more or less subject to proteolytic attack. 
Denaturation of the serum proteins may, in addi- 
tion, result from internal gamma irradiation from 
the 

The measurement of serum protein turnover 
has been performed by a variety of methods, each 
having specific advantages and disadvantages. A 
comprehensive review has been published by Tar- 
ver,” concerning problems encountered in the 
measurement of protein synthesis and turnover. 
Methods used previously in the measurement of 
serum protein turnover have been of three basic 
types. 

In the first type, the labeled precursor com- 
pounds are fed or injected into animals and the 
disappearance of radioactivity in the serum pro- 
teins is followed over a period of days after maxi- 
mum specific activity has been attained. This 
method has been referred to as the ‘‘direct’’ 
method “” and is subject to error due to the con- 
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tinuous entry of label from the free amino acid 
pool into the serum proteins. In the second 
method,” animals are given radioactive amino 
acids in their feed, in an attempt to maintain a 
constant level of radioactivity in the precursor 
pool, and the ascending curve of the plasma pro- 
tein specific activity is measured. In the third 
method, serum proteins are biologically labeled 
with radioactivity in one series of experimental 
animals and the labeled proteins transfused to 
the animal to be studied.“ This method has been 
referred to as the ‘‘Hevesey’’ technique and was 
used extensively by Fink et al.** 

This paper presents two methods in which 
the kinetics of serum protein turnover were 
studied by the injection of glycine-1-C™. 
The serum protein replacement and turn- 
over rates were estimated, using 3 cows to 
illustrate the utilization of such methods. 
The serum protein replacement and turn- 
over rates were estimated by these methods 
for the intravascular serum protein com- 
partment and the total ‘‘serum protein 
pool.’’ Turnover rates for the intravas- 
cular serum protein compartment were 
caleulated from a least squares regression 
line from the specific activities of the serum 
proteins between five and 35 days after 
the injection of glycine-1-C'. Repiace- 
ment rates of the total serum protein pool 
(intra- and extravascular) were calculated 
during the first 12 hours after injection by 
a procedure in which the radioactivity of 
the glycine in the hippuric acid is assumed 
to be equal to the radioactivity of the gly- 
cine entering the serum proteins. 


MATERIALS AND METHODS 


Glycine-1-C was injected through plastic tub- 
ing as described previously by Ralston et al.” 
Blood samples were taken from the cows hourly 
for the first three hours, then at 5, 10, 20, and 48 
hours after injection. After this, blood samples 
were obtained weekly until 30 or more days had 
elapsed. 

Urine samples were collected by perineal titil- 
lation or catheterization when voiding was in- 
complete. Total urine was collected for the first 
48 hours, followed by random sampling every few 
days until the trial was complete. Urine samples 


[ 44 ] 


A} 

Ji 

Ww 

li 
by 

WwW: 

f 
Ww 

a 

Ww 

a 

h 

t 

t 

a 

I 

e 

t 

t 


Am. J. Ver. REs. 
JANUARY, 1959 


SerRuM Protein TURNOVER Rates In Dairy Cows 45 


were stored at —10C. until hippuric acid erystal- 
lization was performed. 

Hippurie acid was crystallized from the urine 
by the method of Quick.” To insure that there 
was no contamination of the hippuric acid with 
free radiouctive glycine in the urine, 15 ue. of 
glycine-1-C“ was added to a bovine urine sample 
which contained no radioactivity in the hippuric 
acid. Reerystallization two times from boiling 
water in an ice bath insured the absence of radio- 
activity from free urine glycine adsorbed on the 
hippuric acid. When urine samples had concen- 
trations of hippuric acid below 100 mg./100 ml., 
the method of Griffith*’ was employed, using a 
continuous liquid ether extraction. The hippuric 
acid next was hydrolyzed by refluxing for eight 
hours in 6 N HCl, filtered through Whatman No. 
40 filter paper and extracted three times with 
ether to remove the benzoic acid. The aqueous 
glycine was vacuum distilled to dryness, washing 
twice with distilled water. The glycine solution 
was decolorized, using charcoal (Norit) and fil- 
tered, and 1 ml. of propylene oxide was added 
upon cooling to allow for the conversion of the 
amino acid to its free base. The glycine was 
precipitated with ethanol® and washed with 
ether as described previously. 

The erystals first were air dried and then were 
transferred to a vacuum oven for drying at 45C. 
The glycine was checked for purity on paper 
chromatograms, using H.O-butanol-acetie acid 
(4:4:1) as the solvent system.** 

Serum proteins were prepared by ethanol pre- 
cipitation™ after the dialysis of 80 ml. of serum 
against distilled water, using Cenco cellophane 
tubing (2.5 mm. wide) for 48 hours with constant 
rotation at 1 r.p.m. in a 1-liter cylinder. By 
changing the distilled water ten times per 48 
hours, all dialyzable nonprotein radioactivity was 
removed. The serum proteins were precipitated 
after replacing NaCl at 40 mg./10 ml. of serum 
by adding 95 per cent ethanol up to a concen- 
tration (V/V) of 50 per cent.® The precipitated 
serum proteins were washed twice with 150 ral. of 
warm aleohol-ether (3:1) to remove carotenoids 
and lipids, filtering each time through Whatman 
No. 1 paper. Finally, the proteins were mixed 
twice with anhydrous ether and dried at room 
temperature prior to complete drying in a vacuum 
oven. Methods used in the hydrolysis of serum 
proteins and the separation of the amino acids on 
Dowex-50 ion exchange columns were similar to 
those described previously by Stein and Moore.” 
All amino acids were checked for purity and 
identity on paper chromatograms, using either 
butanol-acetic acid-water or phenol-water solvent 
systems.® 

All amino acids and proteins were combusted 
to CO. in a Sargent microcombustion apparatus 
and counted for radioactivity by methods de- 
seribed previously by Kleiber et al.”* 


RESULTS AND DISCUSSION 


Replacement and Turnover Rates of the 
Intravascular Serum Proteins.—The meas- 


urement of the turnover rate and ti,2 
values of the serum proteins following the 
injection of a labeled amino acid is based 
upon the assumption that the change in 
tracer concentration of the serum proteins 
is a ‘‘first order’’ process, #.e., the loga- 
rithm of tracer concentration decreases as 
a linear function of time. In our study, 
this postulate involves the assumption that 
all labeled amino acids are lost in a random 
manner from a homogeneous system and 
that the loss of one labeled amino acid is 
representative of the loss of other amino 
acids within the protein molecule. During 
the first few days after injection, there is 
a rapid exchange of labeled serum proteins 
between the vascular, interstitial, and cellu- 
lar compartments. After this exchange 
process no longer influenced the decrease 
in the specific activity of the serum pro- 
teins, the slope of the specific activity of 
the serum proteins was used to estimate 
the ‘‘metabolic’’ disappearance. Calcula- 
tions in this study were made between five 
and 35 days after injection, at which time 
the slope of the logarithms of the specific 
activities of the total serum proteins 
plotted against time became nearly con- 
stant and suggested the biokinetics of a 
first order process. 

By the method of least squares, a regres- 
sion coefficient was calculated which repre- 
sents the estimated turnover rate (k) of 
the serum proteins.*? 

The relationships between various kinetic 
parameters are shown: 


[k = turnover rate of serum proteins; a = spe- 
cific activity of serum proteins; a= transfer 
(replacement) rate in grams of protein per 
unit of time; A=compartment size in grams 
of ‘serum protein; and T;=turnover time 
(average life span).] 


In this study, the ‘‘serum pool’’ is de- 
fined to include both intra- and extravas- 
cular serum protein compartments. Since 
continuous exchange occurs between the 
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TABLE i—Data from Experiments on Cows Injected | Intravenously with Glycine-1 ee 


Plasma 
volume 
_(liters) 


Weight 
(kg. 
383 
541 
449 


Cow Age 
(No.) (years) 
¥17 Mature 

57 5.0 

78 4.5 


16.9 


Injec ted 
relative 
dose 
(uc./kg.) 
3.92 
6.94 
9.48 


Injected 
dose 
(me. 


Stage of 
lac tation 


Nonlactating 
Lactating 
Lactating 


intra- and extravascular compartments, a 
turnover rate (formula 5) observed for the 
intravascular compartment should equal 


(5) da 
dt 
a 
the turnover rate for the entire pool, after 
equilibrium of the tracer concentration 
between its compartments had been estab- 
lished (‘‘A’’ and ‘‘a’’ refer only to the 
intravascular compartment). Compartment 
A was measured, using the dye T-1824, to 
compute the plasma volume, which then 
was multiplied by the serum protein con- 
centration. 

The specific activities of the total serum 
proteins and the serum protein glycine are 
presented (table 2; graphs 1, 2). Data 


concerning the turnover and replacement 
rates of serum proteins were calculated 
from the descending curves of the loga- 
rithms of the specific activities of both the 
total serum proteins and the serum pro- 
tein glycine of the 2 lactating cows (table 
3). Lactating cows 57 and 78, which were 
in similar stages of lactation following par- 
turition, showed nearly identical turnover 
rates of 0.0455 and 0.0451 per day, respee- 
tively. However, their replacement rates 
(69.5 and 81.2 Gm./day) of intravascular 
serum proteins differed, since cow 78 con- 
tained a large intravascular compartment 
of serum proteins throughout the trial. The 
nonlactating cow, during the course of in- 
fection from multiple pulmonary thrombi, 
between six and 13 days after injection, 
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SPECIFIC ACTIVITIES OF GLYCINE FROM SERUM PROTEINS 
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Graph 2—Specific activi- 
ties of glycine from 
serum proteins. 


atom C/me injected /Kg. Body Weight 


Locta' 


ting Gow 57 
. 78 


1 


showed a tio value for the total serum 
proteins of 11.66 days, with a turnover 
rate of 0.0595 per day. It was of special 
interest that the febrile nonlactating cow 
replaced intravascular serum proteins at a 
higher rate than lactating cow 57 and at 
nearly the same rate as lactating cow 78. 
The anorexia and inappetence associated 
with the disease probably provoked an 
increased protein catabolism which was 
manifested by a more rapid turnover rate 
of the serum proteins. Before the sixth 
day, the nonlactating cow appeared clini- 
eally normal and had a serum protein 
production rate of only 64 per cent that 
of the mean of the lactating cows, as meas- 
ured by another method (table 6). 

The half-time values of 15.21 and 15.34 
days for total serum proteins in lactating 
eows 57 and 78 can only be compared with 
the limited data of Dixon et al." of 
20+ 1.1 and 21+ 1.1 days for albumin 
and gamma globulin in nonlactating cows 
and steers. Differences in the turnover 


TABLE 2—Total Serum Protein and Glycine 


Lactating co 
Nonlactating cow 917 is 
a Standard 


Time after 
injection 


Time after 


Ste d specific 
injection tandard specifi 


activity* of total 
serum protein 


Days Hours Days Hours protei 


0 0.096 
0.259 
0.398 
0.403 
0.329 
0.242 
0.164 
0.124 


0 
4 
6 
9 

12 


36 


om orn 


Total serum 


4@ 6 8 20 


Days After Injection 


rates of the individual serum proteins of 
cattle probably exist, as seen in other spe- 
cies. If the decreasing specific activity of 
plasma proteins in this study was not in- 
fluenced by the continued incorporation of 
radioactivity as glycine or other amino 
acids into the serum proteins, then the 
experimental curve would represent the 
turnover rates of the serum proteins. The 
continued synthesis of serum proteins con- 
taining radioactivity from this free glycine 
pool must affect the slope of the curve of 
the specific activity of the serum proteins 
or serum protein glycine throughout the 
course of the investigations. Experimental 
evidence for this effect has been presented 
by Margen and Tarver,”* using S**-labeled 
cystine, in which they indicated that turn- 
over rates of serum proteins are errone- 
ously long if free S*°-labeled cystine is of 
significant concentration in the precursor 
amino acid pool. 

The observed linearity of the curve of 
the logarithms of the specific activities of 


of Serum Protein Standard Specific Activities 


w 57 Lactating cow 78 
specific activity* . Standard specific activity* 
Time after” - 
injection Glycine of 
serum 


protein 


Glycine of 
serum 
protein 


Total serum 


n Days Hours protein 


0.0486 
0.123 
0.154 
0.201 
0.239 
0.192 
0.191 
0.156 
0.107 
0.0772 
0.0540 
0.0396 


5 


j 
10— i 
6 j 
2 
- ° | 
8 
= 
4 6 8 10 25 30 35 
| 
2 0.15 i 0 1 1.14 
7 0.15 0 2 2.39 
0.15 0 3 3.16 
0.13 0 5 4.28 
7 0.10 1 0 4.14 
7 0.04 1 12 
2 13 
5 7 3.18 
0.0858 13 7 2.03 
21 7 conten 
29 7 0.908 
35 7 0.650 
* ue./gaC/puc. injected/kg. body weight. 
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the total serum proteins from five to 35 
days after injection may be the result of 
two compensating influences: First, the 
continuous incorporation of radioactivity 
during synthesis of serum proteins in the 
period from five to 35 days after injection 
and, second, the effect of various serum 
proteins turning over at different rates. 
At five or six days after injection, the 
precursor pool of free liver glycine is more 
radioactive than later in the trial. More 
label would enter in the continuous syn- 
thesis of serum proteins early than later 
in the trials. Serum protein turnover 
rates as calculated by this method are 
therefore minimal estimates of the ‘‘true’’ 
turnover rates of bovine serum proteins. 

The degree of radioactivity in the free 
liver glycine pool, as compared with the 
glycine in the serum proteins, is presented 
(table 4). Five to six days after injection 
of the isotopic glycine, radioactivity of the 
free hepatic glycine pool, as measured from 
the urinary hippurate glycine, contained 
approximately one third the radioactivity 
present in the serum protein glycine. Four 
weeks after injection, both lactating cows 
still showed considerable radioactivity in 
the free glycine pool. Lactating cow 78 
maintained a greater free glycine tracer 
concentration than was observed in lac- 
tating cow 57 in the later measurements of 
the trial (table 4). 

The oversimplification of total plasma 
protein turnover has been criticized by 
Campbell et They injected C'*-labeled 
and I'*!-tagged plasma proteins into rats 
and found: that the specific activity curve 
of total plasma proteins could not be ex- 
pressed as a single exponential function at 


any stage. After injecting labeled albu- 
min and gamma globulin, they’ found 
that the logarithmic plot for each protein 
alone was linear but that the plot of the 
mixture was curved, since the sum of two 
different exponential functions can not it- 
self be an exponential function. Without 
the influence of the continuous incorpora- 
tion of label into the bovine serum proteins 
in our investigation, the logarithmic plots 
of the specific activities of the serum pro- 
teins might not have been linear. It would 
appear, in this study using glycine-1-C"', 
that at least two interacting components, 
which are not themselves of a first order 
nature, may together produce a specific 
activity curve for the total serum proteins 
which simulates a first order process. 

In comparing the turnover rates caleu- 
lated from the specific activities of glycine 
from the serum proteins with that calcu- 
lated from the specific activities of the total 
serum proteins, on the average a 13 per 
cent greater rate was observed when the 
glycine alone of serum proteins was ¢ ie 
basis for the calculation. The turnover 
rate of glycine from serum proteins need 
not agree with the turnover rate of the 
total serum proteins. The two turnover 
rates should agree, however, if all the 
amino acids of the serum proteins had 
similar turnover rates and were affected 
similarly by the entrance of new label from 
the continuous synthesis of proteins. Since 
serine (55-65 per cent of total serum pro- 
tein activity) and glycine (25-35 per cent 
of total serum protein activity) accounted 
for 80 to 90 per cent of the activity in the 
total serum proteins, a faster turnover 
rate for glycine than serine could account 


TABLE 3—Intravascular Serum Protein Turnover Data (Calculated from the Specific Activi- 


ties of Both the Total Serum Protein and Glycine of Serum Protein) 


Lactating cow 57 


Lactating cow 78 


Nonlactating cow 917 


Serum Serum 


Method of calculation proteins proteins 


Glycine of Glycine of 
serum Serum serum 
proteinst proteins proteinst 


11.66* 15.21 
k (turnover rate/day) 0.0593 
Tt (turnover time-days) 16.90 
R (replacement or transfer 

rate) in Gm./day 80.20 69.50 
Serum protein concentra- 

tion (Gm./100 ec.) 
Serum volume (liters) 
Total intravascular serum 

protein (Gm.) 
Mean milk production 

(kg./day/kg. body 

weight) 


0.0455 


1,526.00 


3.20 X 10-° 


13.86 15.34 13.13 
0.050 0.451 0.0527 
20.00 22.20 19.00 
76.40 81.20 95.30 


8.00 
21.50 22.50 


1,800.00 


2.94 X 10-2 


* Six to 13 days after injection during course of disease; 7 100 Gm. of serum protein contains 


Gm. of glycine. 
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TABLE 4—The Ratio of Radioactivity of Glycine from Serum Proteins to Glycine from 
Hippuric Acid 


Lactating cow 57 Lactating cow 78 


Time after injection Time after injection 


Days 


Hours 


Ratio* 


Days Hours Ratio* 


6 
21 
29 


7 
7 
7 


2.68/1 
21.90/1 
22.00/1 


5 7 
13 7 
35 7 


3.00/1 
8.92/1 
11.80/1 


* we./gaC glycine from serum proteius 
uc./gaC glycine from hippuric acid 


for the 13 per cent difference obtained. It 
also was observed that glycine accounted 
for a decreasing percentage of the total 
radioactivity in the serum proteins over a 
period of four weeks. As other amino acids 
of the serum proteins receive more radio- 
activity from metabolic interconversions, 
they would in time become a greater per- 
centage of the total radioactivity present 
in the serum proteins. 

Estimated Minimum Production Rates 
of the Total ‘‘Serum Protein Pool.’’—To 
estimate the minimum production rate of 
the total ‘‘serum protein pool’’ in this in- 
vestigation, the minimum incorporation 
rate of glycine into the total (intra- and 
extravascular) serum protein pool was ¢al- 
culated during the first 12 hours after the 
injection of glycine-1-C'*. Since the liver 
appears to be involved in the synthesis of 
most of the serum proteins and of hippuric 
acid in most species, the specific activity of 
the glycine of the hippuric acid may equal 
that of the free glycine pool of the liver 
from which serum proteins are in part 
derived. There was assumed to be no sig- 
nificant delay in glycine conjugation to 


Time after 
injection 


Nonlactating Time after 
injection 
cow 917 


(uec./gaC) 


Days Hours Days Hours 


COMPOSITE SAMPLES 


10-20 

20-30 

30-40 

cove 40-60 
RANDOM SAMPLES 


form hippuric acid and its subsequent ex- 
cretion to the urine. A rapid conjugation 
and excretion time was substantiated by 
the injection of 30 Gm. of buffered sodium 
benzoate intravenously into nonlactating 
cow 97. An eightfold increase in the hip- 
purie acid excretion rate was observed 
within the first 20 minutes after injection. 
Snapper et al.*® found only limited hip- 
puric acid synthesis in perfused kidneys 
of ruminants, as compared with greater 
synthesis in the kidneys of human beings, 
pigs, and dogs. The studies of Bunge and 
Schmiedeberg,® followed by corroborating 
studies of Koche** and Bashford and 
Cramer,” have been interpreted as evidence 
that the kidneys of herbivores are of lim- 
ited importance, as compared with the 
liver, in hippuric acid synthesis. 
Henriques et investigating hip- 
purie acid kinetics in the rabbit, presented 
data indicating that the specific activities 
of free liver glycine and of free serum gly- 
cine were nearly equilibrated in slightly 
less than one hour after its intravenous 
injection. The specific activity of the gly- 
cine obtained from the urinary hippuric 


TABLE 5—Specific Activities of Glycine from the Urinary Hippuric Acid 


Time after 
Lactating injection 
cow 57 
(uc./gaC) Days Hours 


Lactating 
cow 78 
(ne./gaC) 


3328.10 
1366.70 
437.60 
188.30 


3376.20 
3124.70 
1226.70 

585.70 


| 
0-1 2509.70 0-1 0-1 
1-2 700.40 1-3 1-2 
2-3 210.10 3-5 2-3 
3-5 130.70 5-11 3-5 
5-10 68.92 11-24 61.96 5-10 261.70 
50.00 24-49 22.59 10-24 99.45 
41.83 49-59 19.91 86-49 30.03 
4 7 5.98 6 8.92 5 10 10.03 
6 7 4.68 9 5.47 9 6.12 
9 7 3.45 14 2.89 13 2.16 
12 7 2.14 17 1.45 16 1.74 
23 7 1.43 21 0.51 21 1.45 
28 7 0.745 25 0.42 24 1.30 
36 7 0.536 29 0.375 29 0.848 
44 7 0.405 31 0.402 35 0.525 
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acid during specified time intervals was 
considered to represent the mean specific 
activity of the free liver glycine. Probably 
only one pool of free liver glycine exists 
in the liver for many synthetic processes. 
All radioactivity found in the serum pro- 
teins was interpreted as an index of net 
protein synthesis; however, the possibility 
of terminal molecular exchange of amino 
acids with no actual net protein synthesis 
can not be overlooked. 

The presence of hippuric acid glycine in 
the urine originating from sites of syn- 
thesis other than the liver, and containing 
a lower or higher specific activity than the 
hippuric acid glycine derived from liver 
conjugation, could substantially affect the 
results in this method. Additional error 
may be present if the specific activity of 
the precursor glycine incorporated into 
gamma globulin in the reticuloendothelial 
tissue differs substantially from that found 
in the urinary hippurie acid. 

An estimation of the magnitude of the 
total serum protein pool synthetic rate can 
be made if, in addition to the specific ac- 
tivity of the precursor glycine in a given 
time, the total amount of radioactivity in- 
corporated into the serum proteins as gly- 
cine is known. Having determined the 
percentage of glycine in the serum pro- 
teins of these cows (2.98%), using Dowex- 
50 ion exchange chromatography,*** a 
minimum total serum protein pool produe- 
tion rate may be estimated as indicated: 


(6) a=—=A (ate at) 


[t=time; a=serum protein production rate 
in grams in period t: to tz; p=glycine con- 


centration in serum proteins (Gm./100 Gm.) ; 
r=grams of glycine incorporated into the 
total serum protein pool in time t: to te; A= 
grams of glycine in serum protein vascular 
pool; a=specific activity of vascular serum 
protein glycine; and 5m=>mean specific ac- 
tivity of hippurate glycine in period t: to tz.] 


Formula 6 expresses the mathematical 
treatment of data in this method. Serum 
proteins of the total serum protein pool are 
produced mainly by the liver and intro- 
duced into the intravascular compartment, 
via the hepatic veins or thoracic duct, be- 
fore their exchange with the extravascular 
spaces. If all the radioactive serum pro- 
teins produced by the liver, following the 
injection of glycine-1-C'*, remained in the 
intravascular compartment of the total 
serum protein pool, this method would esti- 
mate accurately the production rate of the 
total serum protein pool. The loss of serum 
proteins introduced into the intravascular 
compartment, however, has been estimated 
as nearly 14 per cent per hour in the lac- 
tating cow.® 

The total serum protein pool production 
rate as expressed in formula 6 would, 
therefore, be a minimum value, since newly 
synthesized serum proteins containing label 
and introduced into the blood from the 
liver are lost steadily from the vascular 
pool, exchanging with extravascular serum 
protein containing little or no radioactiv- 
ity. Since the maximum specific activity 
of the serum protein glycine was attained 
five to 12 hours after injection, caleula- 
tions were based on samples taken before 
this. 

The specific activities of the precursor 
hippurate glycine are presented (table 5). 
Additional data pertaining to the produc- 


TABLE 6—Total Serum Protein Pool Production Rates Using Glycine from Hippuric Acid 
as the Precursor Tracer Concentration for Serum Protein Production 


Intravascular Minimum ¢ 
compartment 
of serum 
protein 
gliveine 
(Gm.) 


lycine 
incorporated per 
hour into total 
serum protein pool 


(hr.) (Gm.) 


Cow 


917 
Non- 
lac- 
tating 


0.0-3.0 0.148 


57 
Lac- 
tating 


78 
Lac- 
tating 


Mean minimum production rate of 
total serum protein pool 
(glycine = 2.98 Gm./100 cc. protein) 
(Gm./day) 


Ratio of mean minimum production 
rate of total serum protein pool to 
replacement rate of intravascular 

serum protein compartment 
(Gm./day) 
(Gm./day) 


118.2 


= 
t 
I 
t 
J 
t 
I 
i 
I 
I 
7 ( 
e 
i 
Ss 
( 
I 
t 
( 
t 
I 
I 
| 
( 
iF 
6 
p t 
6m: p 
( 
t 
e 
J 
0 
= J 
47.9 1 
é 0.0-2.0 0.236 I 
2.5-5.0 0.326 
5.0-12.0 0.254 
45.5 218.0 3.16/1 U 
0.0-1.0 0.155 e 
1.0-2.0 0.210 
2.0-3.0 0.317 ( 
54.0 8.0-5.0 0.497 235.0 2.90/1 0 
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tion rates of the total serum protein pool 
are presented (table 6). During a com- 
parable three-hour period just after injec- 
tion, nonlactating cow 917 produced 64 
per cent of the average of the serum pro- 
tein produced by the 2 lactating cows. Se- 
rum protein production of the total pool 
was expressed for a 24-hour period, assum- 
ing that the mean production rate esti- 
mated for a three-hour period would re- 
main constant for the entire day. The 
differences in the calculated hourly rates 
of minimum protein production indicate 
either the influences of compartmental mix- 
ing or the changes in the rate of protein 
synthesis. If the apparent increase in rates 
of protein synthesis results from mixing 
phenomena, a similar rise in both lactating 
cows could be expected. A similar increase 
was observed in both lactating cows be- 
tween two and one half and five hours, 
with no change after five hours in lactating 
cow 57. Wasserman et al.**® observed, for 
dogs, that the thoracic duct returned 65 
per cent of the protein that leaked from 
the capillaries and indicated that lymph 
protein was not simply plasma proteins 
but a fluid containing many tissue proteins. 

The ratios of the estimated minimum 
serum protein of the total pool produced 
per day to the estimated replacement rate 
of the serum proteins of the intravascular 
compartmert, as calculated from the de- 
cline in specific activity of the intravascu- 
lar serum proteins, are presented (table 
6). In both lactating cows, the ratio of the 
mean minimum production rates of the 
total serum protein pool by one method 
(table 6, column 4) to the replacement 
rates of the intravascular serum protein 
compartments by the previous method 
(table 3) was approximately 3:1. After 
sufficient time had elapsed for the specific 
activity of serum proteins throughout the 
total serum protein pool to reach a quasi- 
equilibrated state, the turnover rate in one 
compartment of the total serum protein 
pool would be valid for the total pool. 
Replacement rates of the serum proteins 
of individual compartments of the total 
pool would be proportional to their com- 
partment sizes. If values presented by 
Hughs,’® suggesting an avascular serum 
protein compartment three times the vol- 
ume of the intravascular serum protein 
compartment, are valid for the lactating 
cow, a mean serum protein concentration 
of all avascular compartments, 65 per cent 


of their concentration in the intravascular 
compartment, would exist. According to 
Drinker,’* the concentration of heart 
lymph in the dog amounts to nearly 60 
per cent of the protein concentration in 
the serum. 


SUMMARY 


1) Two procedures using the intravenous 
injection of glycine-1-C'™ in the measure- 
ment of serum protein replacement and 
turnover rates in cows are presented. 

2) Serum protein replacement rates are 
measured both from the descending curve 
of the logarithm of the specific activities 
of the total serum proteins and by a pro- 
cedure using the hippurate glycine as the 
precursor tracer concentration for serum 
protein production. 
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A Comparative Study of Lipid Accumulation in the Adrenal 
Glands of Mature Nonpregnant Dairy Heifers, Nonpregnant 
Lactating Dairy Cows, and Pregnant Lactating Dairy Cows 


J. THOMAS BELL, Jr., D.V.M., Ph.D., and ALVIN F. WEBER, D.V.M., Ph.D. 
St. Paul, Minnesota 


Ir IS ESTABLISHED that the adrenal glands 
of common laboratory animals, such as the 
rat, rabbit, and guinea pig, are lipid rich, 
i.e., the cortices contain large amounts of 
sudanophilic material.’® However, in 
cattle, sheep, swine, and the golden hamster, 
there is little or no sudanophilic material 
The reason for the 
lipid-poor condition of the adrenal cortex 
in this group of animals is not known, but 
it has been suggested by Verne and Her- 
bert “8 that the adrenal hormones of these 
animals are secreted immediately on pro- 
duction and that lipid materials are not 
stored either as precursors or as active 
hormonal substances. 

On occasion, it is seen that adrenal glands from 
apparently normal cows have an increase in corti- 
eal lipids. This lipid material may either be 
distributed throughout the eutire cortex or be con- 
fined largely to one cf the -ones. In metabolic 
diseases, such as ketosis and parturient paresis 
in cows and pregnancy toxemia of sheep, the ad- 
renal cortex becomes enlarged and markedly lipid 
rich. Shaw et al.” and Groenewald et al.’ described 
this as a fatty infiltration with partial degenera- 
tion of the cortical zones. Although all zones of 
the cortex may be filled with lipid material, the 
zona glomerulosa generally shows the greatest 
involvement. 

Ketosis in eattle is primarily a postparturient 
disease, but lactation and pregnancy have been re- 
ported to be predisposing factors.»**" Groene- 
wald et al.,” in a diseussion of the pathology of 
‘*domsiekte’’ (pregnancy disease) in sheep, sug- 
gested that the clinical manifestations of this 
disease probably result from a summation of the 
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metabolic and morphological changes which exceed 
the tolerance level of the animal involved. If 
this theory can be applied to the cow, lactating 
and late pregnant cows would be most likely to 
show adrenal changes toward the ketotie type. 

There are many discussions available on bovine 
ketosis and, also, brief descriptions of the adrenal 
glands of ketotic cows. There is no work, however, 
which deals directly with the kind and degree of 
cytological and morphological changes found in 
the adrenal glands of normal lactating and late 
pregnant cows. 

The studies to be reported here were 
undertaken to test the hypothesis that the 
adrenal glands of lactating and pregnant 
cows undergo definite cytological and mor- 
phological changes similar to those seen in 
the adrenal glands of ketctie cows. 


MATERIALS AND METHODS 


The adrenal glands from 94 Holstein-Friesian 
cows and mature heifers were used in this study. 
The cattle were classified into three groups: (1) 
nonpregnant, nonlactating, mature heifers; (2) non- 
pregnant, lactating cows; and (3) late pregnant, 
lactating cows (table 1). The following is per- 
tinent information concerning each group: 

Group 1.—Adrenal glands were collected from 
34 nonpregnant, nonlactating, mature heifers. The 
mammary glands from these animals were small 
and nonfunctional as in nulliparous animals and, 
on uterine examination, there were no signs of 
pregnancy. Therefore, the adrenal glands were 
free from the physiological stresses of lactation 
and pregnancy and constituted the control group. 

Group 2.—These glands were collected from 31 
nonpregnant, lactating cows with large udders 
which were grossly free from mastitis and which 
showed moderate to large quantities of milk when 
the parenchyma was cut. The uterus from each 
cow was examined to be sure that the animal 
was not pregnant. 

Group 3—The adrenal glands were collected 
from 29 late pregnant, lactating cows. The fetus 
from each cow measured at least 75 em. (forehead- 
rump measurement).” The criteria for the mam- 
mary glands of the animals in this group were the 
same as for group 2. 

All collections were made during the months 
from November to March, to eliminate any pos- 
sibility of seasonal variation. The glands were 
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TABLE 1—Design of Experiment and Average 
Adrenal Gland Weights 
Animal 
weight 
No. range 
animals (Ib.) 


Average 
single adrenal 
Groups weight (Gm.) 
1—Nonpregnant, 

nonlactating 
heifers 34 
2—Nonpregnant, 
lactating cows 31 
3—Late pregnant, 
lactating cows* 29 


800-1,100 0.6 


1,100—1,400 16.6 + 0.8 


1,100—1,400 14.6 + 0.8 


* Past seventh month of pregnancy. 
+s.e.=8/VN. 


collected from local slaughterhouses at the time 
of eviseceration. All animzis had passed ante- 
mortem and postmortem federal inspections and, 
on this basis, were assumed to be healthy. Thus, 
if adrenai giand differences were observed, the 
stress of an existing clinical disease process could 
be eliminated as a causative agent. 

No eareass weights were available. However, 
the animals in groups 2 and 3 were estimated to 
be of comparable average weight (1,100-1,400 lb.), 
and those in group 1 were estimated to be about 
300 Ib. lighter. 

Tissue Preparation 


Techniques.—The adrenal 


ADRENAL GLAND WEIGHT IN GRAMS 


ANIMAL GROUPS 
Graph 1—Distribution of weights of individual 
adrenal glands from mature nonpregnant heifers 
(group 1), nonpregnant lactating cows (group 2), 
and pregnant lactating cows (group 3). 


glands were trimmed of all excess body fat and 
weighed on a triple-scale beam balance to the 
nearest 0.5 Gm. Average single adrenal gland 
weights were calculated for each group and an 
analysis of variance™ was used to test for sig- 
nificance of differences. 

Cross sections from the midportion of each gland 
were taken within a few minutes of collection. 
Tissues to be used for cytological studies were 
placed in mereury-formol-saline solution,‘ while 
those for studies of fat, birefringence, and qualita- 
tive cholesterol were placed in caleium-cadmium- 
formol.’ All paraffin sections were cut at 7 uw and 
stained with Crossman’s modification of Mallory’s 
connective tissue stain.® 

Studies made on the relative cortical cell 
and on the absolute and relative thicknesses of the 
zona glomerulosa and zona fasciculata were done 
according to the method used by Weber et al.” 

Oil red O, prepared in an aqueous medium (tech- 
nique to be reported later), was used on fixed- 
frozen sections for the demonstration of intra- 
cellular lipid material. A modified Schultz test™ was 
used for qualitative determination of cholesterol. 

The presence of acicular birefringent particles 
in the cortices was determined by examination of 
fixed-frozen sections with a polarizing microscope.* 


sizes 


RESULTS 


Adrenal Gland Weights.—The average 
single adrenal gland weight for the non- 
pregnant, nonlacting heifers (group 1) was 
9.1 + 0.6 Gm.; for the nonpregnant, lactat- 
ing cows (group 2), 16.6 + 0.8 Gm.; and 
for the late pregnant, lactating cows (group 
3), 146+ 0.8 Gm. (table 1). The distri- 
bution of the individual adrenal gland 
weights from all three groups is shown 
(graph 1). It can be seen that the adrenal 
gland weights of the lighter animals in 
group 1 were concentrated within a narrow 
range (4.5-12.5 Gm.), while those of the 
heavier animals from groups 2 and 3 showed 
a wider distribution (7.0—-27.0 Gm.). Anal- 
ysis of variance showed significant differ- 
ences in the adrenal gland weights between 
all groups studied. (P values between 
groups were as follows: 1 vs. 2 and 1 vs. 3, 
P= <0.01; 2 vs. 3, P = <0.05.) 

Widths of Cortical Zones.—The average 
width of the zona glomerulosa in the adrenal 
glands of the 34 heifers in group 1 was 
241+ 10 » (table 2), while the average 
width of this zone in the nonpregnant lac- 
tating cows (group 2) was 315 + 12 yu. This 
difference is highly significant—241 + 10 
versus 315+11 (P= <0.01). 

The zona glomerulosa thickness in the 


* Model No. P42AD, American Optical Co., Buffalo, 
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late pregnant, lactating cows (group 3) 
was 346 + 20 yp, and this increase, like that 
found in the cows in group 2, is highly sig- 
nificant when compared with that in cows 
of group 1. The difference in the average 
thickness of the zonae glomerulosae of cows 
in groups 2 and 3 is not statistically sig- 
nificant. The relative differences in zonae 
glomerulosae thicknesses for all three 
groups are shown (graph 2). 

The average thicknesses of the zonae fas- 
ciculatae were 2,098 + 67 » for group 1, 
3,012 + 83 for group 2, and 2,640 + 92 for 
group 3 (table 2). The difference between 
groups 1 and 2 was statistically significant, 
as was that between groups 1 and 3 (P= 
<0.01). There was no significant difference 
in the zonae fasciculatae widths in cows of 
groups 2 and 3. The relative contributions 
of the zonae glomerulosae and fasciculatae 
to the total cortical width in the adrenal 
glands of all three groups of animals are 
shown (graph 2). 

On ealeulating the ratios of zona fas- 
ciculata widths to zona glomerulosa widths 
(table 2), it was found that the heifer 
group ratio (8.7) occupied a position which 
was intermediate between that of the lac- 
tating (9.6) and the pregnant lactating 
cows (7.6). All these ratios were subjected 
to statistical analysis and only the ratio 
differences between the pregnant lactating 
and the nonpregnant lactating cows were 
highly significant (P = <0.01). 

Relative Sizes of Parenchymal Cells in 
the Cortical Zones.—Counts were made of 
the number of cell nuclei per unit area 
(784 sq. ») in the cortical zones of all ad- 
renal glands studied, to determine whether 
a change occurred in relative sizes of zonae 
glomerulosae and fasciculatae cells with an 
increase in the weight of the glands (table 
2). In the cows in group 1, the average 
nuclei values were 6.4 + 0.08 in the zona 
glomerulosa and 3.8 + 0.07 in the zona fas- 


3500 
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IN MICRONS 
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ADRENAL CORTICAL WIDTH 


ANIMAL GROUPS 


Graph 2—Relative contributions of the zonae 

glomerulosae (G) and zonae fasciculatae (F) 

(includes zonae reticulares) to the total cortical 

width in the adrenal glands from mature non- 

pregnant heifers (group 1), nonpregnant lactating 

cows (group 2), and pregnant lactating cows 
(group 3). 


ciculata. In those in group 2, they were 
5.9 0.18 and 3.1 + 0.07; in those in group 
3, they were 6.0 + 0.18 and 3.6 + 0.09. The 
differences in average numbers of nuclei in 
comparable zones of cows in the three 
groups studied were not statistically sig- 
nificant. 


TABLE 2—Average Widths and Ratios of Adrenal Cortical Zones (Numbers of Nuclei per 
Unit Area) 


No. 
glands 


Glom. 
241 
+10 
315 
+11 
346 
+20 


Groups 
1—Nonpregnant, 34 
nonlactating heifers 
2—Nonpregnant, 
lactating cows 
3—Late pregnant, 
lactating cows 


Average width of 
cortical zones (“) 


Average No. 

Ratio of naclei/unit area* 
fasc./glom. — - 
widths Glom. 


Fasc. 
8.7 


3.8 
+ 0.07 
3.1 
+ 0.07 
3.6 
+ 0.09 


Fasc. 
2098 

+ 67 
3012 

+ 83 
2640 7.6 
+92 


9.6 


* 784 sq. uw. 


+s.e.=S/V N; glom.=zona glomerulosa; fase. = zona fasciculata. 
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Oil Red O-Stainable Lipids.—The total 
quantity of lipid droplet material found 
in the glands of the heifers (group 1) was 
considerably less than that found in the 
pregnant lactating cows (group 3), with 
the nonpregnant, lactating cows (group 2) 
occupying an intermediate position. Based 
on visual microscopic examinations of the 
fat-stained glands, values of negative (—) 
to four plus (++++) were assigned to the 
individual cortical zones, to quantitatively 
evaluate the frequency and distribution of 
the accumulated lipid material. The grad- 
ual change in lipid content from the mature 


GROUP | 
(Mature, non-pregnant heifers) 


GROUP Ii 
(Non-pregnant, lactating cows ) 


GROUP iil 
(Pregnant , lactating cows ) 


F 


= + ++ +++ 


ESTIMATED LIPID RATINGS 
Graph 3—Frequency and distribution of lipid 
ratings in the zonae glomerulosae (G) and zonae 
fasciculatae (F) of adrenal glands of cattle in 
groups 1, 2, and 3. 


heifers (group 1) to the pregnant, lactating 
cows (group 3) is shown (graph 3). 

It was found that, as the total quantity 
of adrenal lipid droplet material increased 
from the mature heifers to the pregnant 
lactating cows, the zonae glomerulosae 
showed a slightly greater tendency toward 
lipid accumulation than did the zonae fas- 
ciculatae (table 3). In glands which showed 
accumulations of lipid droplet material in 
both zones of the cortex, those droplets in 
the zona glomerulosa were generally of 
a larger size (up to 5 ») than those in the 
zona fasciculata. The droplets in the zona 
fasciculata were more constant in size, 
generally measuring up to 3 » although, in 
some glands, lipid droplets were comparable 
in size to those seen in the zona glomerulosa. 
The reason for the difference in size of the 
lipid droplets of the zonae glomerulosae 
and fasciculatae is not known. 

Occurrence, Amount, and Distribution of 
Acicular Birefringent Crystals.—Long acic- 
ular, or needle-shaped, birefringent crystals 
were seen in the cortices of the adrenal 
glands in all three groups of cattle studied. 
The crystals varied from 2 to 3 » to 25 p 
in length, and from less than 1 to 2 » in 
width. These particles could be found 
throughout the zonae glomerulosae and fas- 
ciculatae, but tended to be more numerous 
in the inner portion of the zona glomerulosa 
and the outer portion of the zona fascicu- 
lata (fig. 1). However, they were found 
consistently in greater quantities in the 
zona glomerulosa than in the zona fascicu- 
lata (table 3). Birefringent particles were 
found in the zona glomerulosa of every ad- 
renal gland examined while, in 30 of the 
total of 94 glands studied, no acicular erys- 
tals were seen in the zona fasciculata. 

The presence and location of the needle- 
shaped, birefringent crystals in this study 
were correlated only roughly with the pres- 
ence and location of oil red O-stainable 
material and could not be related to the 
presence of cholesterol. 

Qualitative Adrenal Gland Cholesterol.— 
A modification of the Schultz histochemical 
test for cholesterol *' was carried out on 
frozen sections from all adrenal glands. In 
every adrenal gland studied in all three 
groups, the cortex was negative to the test 
(table 3). The myelinated nerves, with 
which the medulla of the bovine adrenal 
gland is well supplied, always were posi- 
tive and served as a control for the reaction. 
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TABLE 3—Estimations of the Average Quantitative Ratings for Oil Red O-Stainable Lipid, 


Oil red O* 


No —— 


Groups glands Glom. 


Mature, nonpregnant 

heifers (group 1) 34 os 
Nonpregnant, lactating 

cows (group 2) 
Pregnant, lactating 

cows (group 3) 29 Pam 


Birefringent Crystals, and Cholesterol Reaction in the Adrenal Cortex 


Cholesterol? 
reaction 


Fasc. 


Glom. Fasc. 


Fase. 


rte 


* The plus and minus signs are based on visual microscopic inspection and are to be interpreted as 
follows: — indicates the absence of stainable lipid material; +++ indicates that the cells contained con- 


siderable quantity of droplet material. 


Discussion 


Part of the average weight increases of 
the adrenal glands of cows in groups 2 and 
3 over those of adrenal glands of cows in 
group 1 probably is due to normal growth 
of the gland,'* since these were from older 
and heavier animals. However, it is un- 
likely that normal growth alone would ac- 
eount for the large differences found in 
this study. The stresses of lactation and 
pregnancy are, apparently, the major con- 
tributing factors to the increase in weight 
of the adrenal glands of cows in groups 2 
and 3. Randall and Graubard 1* and Hewitt 
and Van Liere 7° have demonstrated that 
the adrenal glands of rats under the stresses 
of lactation and pregnancy show increases 
in weight over the adrenal glands of non- 
pregnant, nonlactating rats, and Krupski 
found that the hypertrophy seen in adrenal 
glands of multiparous cows was due to the 
effects of lactation. However, Krupski’s 
observations were based on gross examina- 
tion, rather than on actual weights with 
statistical analysis. 

It was expected that adrenal glands of 
cows in group 3, which were under the 


Fig. 1—Section of the ad- 
renal gland from a late 
pregnant, lactating cow, 
showing a marked accu- 
mulation of birefringent 
crystals in the zona glo- 
merulosa (above). The 
zona fasciculata (below) 
shows a lesser amount. 
x 100. 


+ Positive reaction in the medullary 
Glom. = zona glomerulosa; fasc. = zona fasciculata. 


nerves served as control. 


stresses of both pregnancy and lactation, 
would be heavier than those from cows in 
group 2, which were lactating but nonpreg- 
nant. However, this was not the case. In- 
stead, the glands of cows in group 3 were 
slightly smaller than those in cows in group 
2. It is possible that, due to the acuteness of 
the stresses of late pregrancy, parturition, 
and lactation, the adrenal gland during the 
early stages of lactation becomes markedly 
increased in size over that which occurred 
during pregnancy but, as lactation pro- 
ceeds and its stressor effect becomes more 
chronic, the adrenal gland gradually de- 
creases in size, due to physiological adap- 
tation. Since the cows in group 2 probably 
were in relatively early stages of lactation, 
their adrenal glands might still be showing 
slight effects of the original physiological 
hypertrophy. 

The possible effects of fetal adrenal hor- 
monal augmentation on the size and func- 
tion of the maternal adrenal gland must be 
considered. The pituitary-adrenal system 
is well developed and functional at the 
seventh month of fetal development. It is 
possible, therefore, that fetal cortical hor- 
mones, under stimulation of the pituitary 
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gland, could supplement those of the mother 
and thus modify the maternal stimulus for 
an increase in adrenal gland size. Although 
there is no direct evidence to support this 
theory, there is evidence of a fetal adrenal 
gland response to a maternal adrenal gland 
insufficiency 79 

The significant downward shift of the 
ratios of the zona fasciculata:zona glomeru- 
losa widths from 9.6 in the nonpregnant 
lactating cow to 7.6 in the late pregnant 
lactating cow suggests that the lack of pro- 
portional increase in size of the zona fasci- 
culata as compared with that of zona 
glomerulosa in adrenal glands of pregnant 
lactating cows probably was responsible for 
the decrease in the average adrenal gland 
weight. This peculiar behavior on the part 
of the zona fasciculata in the glands of the 
group 3 animals is difficult to explain. It 
could be related to physiological adapta- 
tion, to a decrease in the amount of stress 
inherent in lactation, to the influence of 
either the fetal adrenal corticoids or the 
placental hormones on gonadal hormone 
augmentation, or to all of these. More work 
needs to be done on fetal-maternal relation- 
ships before this question can be answered. 

In all three groups studied, the propor- 
tion of zona glomerulosa to zona fasciculata 
cell nuclei remained about two to one (table 
2).This means that, under the conditions of 
this study, with the increase in size of the 
adrenal glands of cows in groups 2 and 3, 
there was no increase in zonal cell size over 
that of the lighter adrenal glands in the 
mature heifers (group 1). Although no 
mitosis was observed in the sections studied, 
it was presumed that the increase in size 
of the adrenal cortical zones was due to a 
slow rate of cellular hyperplasia (7.e., in- 
crease in cell numbers) rather than to eel- 
lular hypertrophy (i.e., inerease in cell 
size). 

If cell size is considered a reliable crite- 
rion of the degree of cellular activity in the 
adrenal cortex,® then one should expect to 
find larger cortical cells in animals under 
the stresses of lactation and pregnancy than 
in heifers. However, no such differences 
were found. 

Results of the oil red O lipid study in- 
dicate that, with pregnancy and the further 
stress of lactation, there is a gradual ac- 
cumulation of lipid material within the cells 
of the cortical zones. It was observed further 
that the zona glomerulosa had a greater 
tendency toward lipid accumulation than 


did the zona fasciculata. In cases of clini- 
cal ketosis, the zona glomerulosa also shows 
greater accumulations of lipid material and 
more pathological changes than the zona 
fasciculata.** If the degree of lipid ac- 
cumulation observed in the adrenal cortices 
of the pregnant lactating cows was in- 
creased three- or fourfold, it would parallel 
the condition which is characteristic of bo- 
vine and ovine ketosis. This lipid aceumula- 
tion is believed to represent evidence of 
cellular inactivation, since lipid accumula- 
tion was produced in experiments specifi- 
cally designed to inactivate the zona 
glomerulosa of the calf adrenal gland.*° 
However, because of the normally lipid- 
poor characteristic of the bovine adrenal 
cortex, it is difficult to draw any conelu- 
sicns as to its functional state based on 
findings which parallel those described for 
the rat,° where the gland is normally lipid 
rich. 

At the present time, no interpretations 
can be made as to the nature or significance 
of the acicular birefringent crystals. They 
were correlated only roughly with the pres- 
ence of cholesterol. These particles can be 
demonstrated only in fixed-frozen material 
and are considered extracellular artifacts *° 
which probably result from erystallization 
of endogenous lipid material of unknown 
chemical nature. 

A negative Schultz cytochemical test for 
the qualitative determination of 7-OH cho- 
lesterol is a constant feature of the normal 
bovine adrenal cortex. This also was true 
for all the glands in this study, including 
those in which there was considerable stain- 
able lipid material present. The negative 
test does not indicate that there is no cho- 
lesterol present, but that the concentration 
of its oxy- derivative is less than 12 to 25 
per cent in the lipid phase.'® 

Schultz-positive material is demonstrated 
easily in the adrenal cortices of animals 
such as the rabbit and guinea pig, and the 
inerease and decrease in the intensity of 
the reaction has been used as a tool to cor- 
relate the rise and fall of cholesterol content 
with adrenal activity.’*:*? This correlation 
is impossible to study in the cow at present, 
due to the normally consistently negative 
reaction of the bovine adrenal gland to the 
available cytochemical tests for cholesterol. 


SUMMARY AND CONCLUSIONS 


The adrenal glands from 34 mature non- 
pregnant dairy heifers, 31 nonpregnant 
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lactating dairy cows, and 29 late pregnant 
lactating dairy cows were studied in an 
effort to learn more about the incidence and 
nature of lipid accumulation in the bovine 
adrenal gland under the stresses of preg- 
naney and lactation. 

The average adrenal gland weights of 
nonpregnant lactating (16.6 + 0.8 Gm.) 
and pregnant lactating (14.6 + 0.8 Gm.) 
cows were significantly greater (P=<0.01) 
than the average weights of the mature, 
nonpregnant heifers (9.1 + 0.6 Gm.). 

The average adrenal gland weight of the 
nonpregnant lactating cow was signifi- 
cantly greater (P = <0.05) than that of 
the pregnant lactating cow. The smaller 
adrenal glands in the pregnant lactating 
cows might be the result of physiological 
adaptation to the stresses of pregnancy and 
lactation, or to adrenal supplementation 
by progesterone, or placental or gonadal 
hormones, or to fetal adrenal hormone 
production. 

The widths of the zonae glomerulosae and 
fasciculatae in the adrenal glands of the 
nonpregnant lactating and pregnant lac- 
tating cows were significantly greater (P = 
<0.01) than those of the mature nonpreg- 
nant heifer. 

The widths of the zonae glomerulosae in 
adrenal glands of the nonpregnant lac- 
tating (group 2) and pregnant lactating 
(group 3) cows were not significantly dif- 
ferent. Conversely, the widths of the zonae 
fasciculatae of the glands of cows in group 
2 were significantly greater than those for 
group 3 cows (P= <0.01). The lack of 
proportional increase in the size of the 
zona fasciculata as compared with the zona 
glomerulosa in the adrenal glands of cows 
in group 3 could have been responsible for 
the decrease in average adrenal gland 
weight. 

There were no significant differences in 
the numbers of nuclei per unit of cortical 
zone area in either the zona glomerulosa or 
zona fasciculata among the three groups of 
animals studied. Under the conditions of 
this study, it is believed that the increase in 
the size of the adrenal glands of cows in 
groups 2 and 3 was due to cellular hyper- 
plasia rather than to cellular hypertrophy. 

No lipid-laden adrenal glands character- 
istic of those described in studies of bovine 
ketosis were found in any of the animals. 
Amounts of oil red O-stainable lipid mate- 
rial in the glands gradually increased from 
group 1 cows to group 3 cows, with the zona 


glomerulosa showing a greater tendency 
toward lipid accumulation than the zona 
fasciculata. 

Acicular birefringent particles were 
found in all adrenal glands studied, with 
the zonae glomerulosae showing more in- 
volvement than the zonae fasciculatae. 
There appeared to be no correlation be- 
tween quantity of birefringent particles 
and quantity of oil red O-stainable ma- 
terial. 

All glands studied were negative to the 
Schuitz cytochemical test for cholesterol in 
both the zona glomerulosa and zona 
fasciculata. 

On the basis of this study, it appears 
that the stresses of pregnancy and lactation 
bring about a gradual increase in the lipid 
content of the bovine adrenal gland. 
Although the lipid content of the glands 
from the pregnant lactating cows appeared 
to be much less than that seen in cows with 
ketosis and other parturient diseases, the 
pattern of distribution of the lipid mate- 
rial resembled that seen in cows with these 
postparturient conditions. 
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The Comparative Histology of the Skin of Hereford 
and Aberdeen Angus Cattle 


STEVE GOLDSBERRY, M.S., and M. LOIS CALHOUN, D.V.M. Ph.D. 
Tuskegee, Alabama, and East Lansing, Michigan 


THE NECESSITY of normal skin studies has 
been given added impetus by the increased 
interest in veterinary dermatopathology. 


Review OF LITERATURE 


Trumbower ™ briefly described the sweat glands 
of the ox in his report on skin diseases of cattle. 
A histological study on the integument of domestic 
animals was made by Stoss.° Yamane and Ono,” 
using European and Asiatic cattle, investigated the 
relationship of skin structure to climatic adapta- 
bility. They ineluded a thorough review cf the 
literature from 1904 to 1936. 

According to Sisson and Grossman,* the skin of 
the ox, which is the thickest of all domestic ani- 
mals, averages 4 to 5 mm. However, it varies with 
age, sex, breed, and body region. Trautmann and 
Fiebiger * described the integument of the ox and 
other domestic animals. 

According to Stoss,°® the dermis of the ox consists 
of dense collagenous fibers. Dempsey* observed 
that the papillary and reticular layers are not 
distinctly divided in European cattle. However, 
the fibers of the papillary layer consist of a loose 
network of fine elastic and reticular fibers, while 
those of the reticular layer contain dense collage- 
nous bundles. Skin fat was found to be restricted 
to the lumbar region. Yamane and Ono™ reported 
both layers and observed a transitional zone in the 
region of the hair bulb which contained both fiber 
types. 

Szodoray “ found that the dermo-epidermal junc- 
tion consisted of reticular fibers and amorphous 
ground substance. Electron micrographs by Maxi- 
mow and Bloom ° showed a thin homogeneous base- 
ment membrane at this region. 

A key for the identification of species of domes- 
tie animals, based on hair structure, was given by 
Trautmann and Fiebiger.* Yamane and Ono™ 
compared hair population and hair structure of 
zebu and European cattle. 

The structure of the bovine sweat glands was 
studied by Lowery et al. and by Yang and Good- 
all.” Nay and Dowling” presented a technique 
for measuring the size of sweat glands in biopsied 
bovine skin sections. The nasolabial glands of the 
bovine animal were examined by Zimmerman.” 
Yang * gave an accurate method for assessing skin 
pigmentation and also reported on the histochem- 


From the Departments of Anatomy, Tuskegee Institute, 
Tuskegee, Ala., and Michigan State University, East 
Lansing. Based on a thesis submitted by the senior 
author in partial fulfiliment of the requirements for the 
M.S. degree at Michigan State University. 
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istry of the sweat and sebaceous glands of the ox. 
Béhm and Hlousek* related the amount of, and 
elastic fibers in, subcutaneous tissue in cattle to 
skin folds. A review by Beerman and Pillisbury* 
on skin technique, physiology, and histochemistry 
is a valuable reference. 


SECURING AND PROCESSING SPECIMENS 


The animals used in this study were from the 
Hereford and Aberdeen Angus herds of Michigan 
State University. Two noncastrated males and 2 
females of each breed, 14 to 21 months old, were 
used. 

At the time of slaughter, skin specimens were 
taken from 24 body areas and fixed in 10 per cent 
formalin for 48 hours. Strips of skin, 2 by 14 mm., 
were cut parallel to the angle of the hair roots. 
With sections of this type, a study of the complete 
hair root and follicle, the various skin layers, the 
skin glands, and their interrelationships was fa- 
cilitated. Sections of 10 by 10 mm. were satisfac- 
tory for studying horizontal sections. 

The dehydration and embedding methods of 
Johnston et al.‘ were followed, and sections were 
stained with hematoxylin and eosin, and the Wei- 
gert-van Gieson stain. 

Pigment evaluation (table 3) was determined 
by a slight modification of Yang’s** method. Sec- 
tions were deparaffinized in xylene and mounted 
without staining. 

Using an ocular micrometer, the average thick- 
ness of the skin was determined by measuring 
vertical sections at various locations. 


RESULTS AND DISCUSSION 


A study of the total skin thickness, as 
well as the thickness of various layers, in- 
dicated certain sex and breed differences. 
Because of the limited area and specializa- 
tion of certain regions (table 2), the 13 
areas listed (table 1) were considered most 
typical for an over-all picture. In both the 
male and female Herefords, the total skin 
thickness was greater than in the Aberdeen 
Angus. The male Aberdeen Angus had a 
thicker skin than the female. 

Epidermis.—The five subdivisions of the 
epidermis described by Trautmann and 
Fiebiger,!* the strata cylindricum, spino- 
sum, granulosum, lucidum, and corneum, 
were present in the perianal region, the 
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[he ¢ hoof margins, and the Achilles insertion 
lsliScdedesdussesad only. In most instances, there were only 

two clearly defined subdivisions—the stra- 
tum corneum and the stratum germinati- 
vum (fig. 2). 

The epidermis was generally found to be 
thickest in areas where the hair was thin 
or absent. It was especially thick on the 
muzzle, where it consisted of 150 to 200 cell 
layers (fig. 1), and on the hoof margins, 
perianal region, and horn margins. The 
epidermis of the male Hereford tended to 
be thicker than that of the Aberdeen Angus 
male. The epidermis of the Aberdeen Angus 
female also exceeded that of the male Aber- 
deen Angus in thickness. While not so 
marked, the measurements in the female 
Hereford were somewhat greater than those 
in the male. 

The thinnest epidermis in the Herefords 
examined was located laterally on the tho- 
rax, neck, gluteal region, and upper fore- 
legs. In 3 of the 4 Aberdeen Angus, the 
thinnest epidermis was on the dorsal part of 
the body. If the muzzle is excluded, 3 of 
the 4 Herefords studied showed the thickest 
epidermis on the ventral abdominal wall. 

The stratum corneum usually consisted 
of several layers of cornified epithelium 
which stained pink with hematoxylin and 
eosin (fig. 1). It was thicker in the Aber- 
deen Angus. 

The stratum lucidum was generally ab- 
sent. It was present only in the perianal 
region, the hoof margin, and over the 
Achilles insertion. The lucidum was usually 
present on sections which also showed the 
stratum granulosum. 

The stratum granulosum was constant 
only in the perianal region and occurred 
occasionally over the extremities. The gran- 
ular layer consisted of one to three rows of 
cells. Most of the cells were in a state of 
degeneration. The nuclei stained palely 
and, in many eases, the nuclear outline was 
lost. There were large basophilic droplets 
in the cytoplasm. 

The stratum spinosum consisted of polyg- 
onal cells which became spindled near the 
surface in areas of more than six layers. 
There was little change in shape in thinner 
areas. While the intercellular processes 
were not prominent in areas which con- 
sisted of fewer than six cell layers, they 
were easily demonstrated in areas consist- 
ing of more than six cell layers. 

The stratum cylindricum consisted of a 
single layer of columnar cells which varied 


Aberdeen Angus 


Total skin thickness (mm.) ** 


Hereford 


Aberdeen Angus 


Dermal thickness (mm.) ** 


Hereford 


Aberdeen Angus 


Epidermal thickness (u)** 
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** Each value given represents the average of five observations. 


Hereford 


thinnest; 


* Thickest; 


Ventral abdomen 


Area 
Iso. sal neck 
Dorsal thorax 
Dorsal lumbar 
Ventral brisket 
Ventral axilla 
Ventral groin 
Lateral neck 
Lateral thorax 
Lateral abdomen 
Gluteal region 
Upper foreleg 
Upper hindleg 
Averages 
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Fig. 1—Vertical section through the thick epidermis of the muzzle (Hereford): 

neum (A); stratum germinativum (B); papillary body of the dermis (C). H & E stain; x 140. 


Fig. 2—Vertical section through the thin epidermis of the ventral abdomen (Hereford): stratum 

corneum (A); stratum germinativum (B); stratum papillare of the dermis (C); fine elastic 

fibers (D); cords of cells typically found in the stratum papillare (E). Weigert’s elastic tissue 
stain; x 160. 


Fig. 3—Vertical section through the compound tubular glands found only in the muzzle (Aber- 
deen Angus): large pigmented excretory ducts (A); intralobular duct (B); cross section of 
glands (C); collagenous fibers forming septum between lobules (D). H & E stain; x 120. 
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Aberdeen Angus 


Total skin thickness (mm.) * 


Hereford 


Dermal thickness (mm.)* 
Aberdeen Angus 


Hereford 


Aberdeen Angus 


TABLE 2—Measurements of Nine Specific Body Areas of Hereford and Aberdeen Angus Breeds 


Epidermal thickness (u) * 


Hereford 


Area 
Forehead 
Tail root 


Ventral dewlap 
Ventral udder 


5 
0 
5 

5 

7.0 


ow 


4 
3 
4. 
2 
4.2 


42 

3 41 

42 42 
108 92 

72 76 


3 

46 
30 
52 
65 


36 
36 
90 


4 
64 


763 1,350 


or scrotum 
Fetlock 
Achilles insertion 
Perianum 


Lower hindleg 
Muzzle 


Unable to determine margin 


973 1,100 1,107 


90 1,650 
* Each value given represents the average of five observations. 


in height with the thickness of the epider. 
mis. They were tallest where the epidermis 
was thick and cuboidal or polygonal whee 
it was thinnest. 

For convenience, the authors use the 
term ‘‘stratum germinativum’’ to include 
the active cellular portion of the epidermis, 
It was thicker in the Hereford than in the 
Aberdeen Angus. Only a few mitotic fig- 
ures were present, the majority of which 
were in the basal layer. 

A true basement membrane was not ap- 
parent. The basal cells of the epidermis 
were associated with fibrous processes which 
extended into the adjacent tissues of the 
dermis. No definite pattern of attachment 
in these processes could be established. 

A quantitative evaluation of the epider- 
mal pigment revealed noticeable breed dif- 
ferences, but no sex differences. Since the 
pigment granules were fine and black in 
the Aberdeen Angus, and those of the Here- 
ford were always brown, color could not 
be used as an evaluation factor. The pig- 
ment appeared to be infiltrated throughout 
the cytoplasm, and in the areas of greatest 
density it obstructed the cell outlines (fig. 
3). Sunlight appeared to influence the 
quantity of pigment. The dorsal areas 
(interscapular, thoracic, and lumbar re- 
gions) showed the greatest density of pig- 
ment, the lateral areas and the extremities 
were intermediate, and the ventral and 
axillary areas showed the least amount 
(table 3). In the Hereford, the quantity 
was greater in the red areas than in the 
white. 

Dermis.—The dermis was divided into 
two layers, the stratum papillare and stra- 
tum reticulare. Both layers of the dermis 
were present, but there was no clearly de- 
fined dividing line. There was a transi- 
tional zone in the area of the hair bulb in 
which the layers seemed to overlap. 

The papillary layer (fig. 2) consisted of 
a loose network of interlacing elastic fibers 
and small collagenous bundles extending 
from the epidermis to the end of the hair 
follicle. No breed or sex differences were 
observable. Connective tissue fibers near- 
est the epidermis appeared exceptionally 
small. There was a proportional increase 
in fiber size with depth. The elastic fibers 
were more frequent at the insertion of the 
arrector pili muscle on the hair follicle, but 
no definite attachment of the fibers to the 
muscle could be seen. 

Another feature of the papillary layer 
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TABLE 3—Pigment Evaluation 


Aberdeen Angus Hereford 
Location 91 92 91 92 
Forehead 1+B 4+B 2+B 2+B O—W 
Dorsal neck 3+B 2+B 34-B 3+B Oo—W 1+R 3+R 1+RW 
Dorsal thorax 2+B 3+B 2+B 38+B 3+R 3+R 
Dorsal lumbar 38+B 38+B 4+B 8+B 2+R 2+R 38+R 38+R 
Tail root 2+B 3+B 4+B 4+B 1+R 1+R 38+R 38+R 
Ventral dewlap 2+B 1+B 2+B 3+B O—R 
Ventral brisket 1+B 1+B O—B 1+B O—R 
Ventral abdomen 1+B 1+B 1+B 1+B O—W Oo—W O—R Oo—W 
Ventral udder/scrotum 3+B 2+B O—B Oo—B O—W 3+W O—R O—W 
Ventral axilla 1+B 1+B 14+B 1+B O—W 14+R 
Ventral groin 2+B 1+B 1+B 1+B O—W Oo—W 
Lateral neck 2+B 2+B 1+B 1+B O—W 1+R 38+R 1+R 
Lateral thorax 2+B 3+B 4+B 2+B 1+R 1+R 38+R 1+R 
Lateral abdomen 3+B 3+B 2+B 2+B 1+R 1+R 2+R 2+R 
Gluteus 3+B 2+B 2+B 3+B 14+R 3+R 1+R 1+R 
Upper foreleg 1+B 1+B 1+B 1+B 1+R O—RW 14+R 1+R 
Fetlock 1+B 1+B 1+B 1+B O—RW 1+R 1+R 
Upper hindleg 2+B 1+B 14-B 1+B O—R O—R O—W 14+R 
Lower hindleg 2+B 2+B 1+B 1+B 1+W Oo—W 2+R O—W 
Achilles insertion 8+B 4+B 2+B 1+B Oo—W O—RW 4+R 1+R 
Perianum 4+B 24+B 3+B 2+B 2+W 2+R 24+W 38+W 
Hoof margin 4+B 4+B 3+B 2+B O—W o—W 1+-W 
Muzzle 4+B 4+B 4+B 4+B 2+W O—W O—W 


Numbers indicate quantity of epidermal pigment (0 = absence, 1+ = small dispersed patches in basal 
cells, 2+ = continuous bands with heavier patches, 34+ = moderately dense in several layers of ce’’s, and 


4-+- = exceptionally dense, cell outline obstructed). 


Letters indicate gross color of hair coat (B =black, R=red, W = white, and RW =red and white 


borders). 


was the clusters and strands of cells (fig. 2) 
which were invariably found between the 
connective tissue fibers. The majority of 
these cells were acidophilic and were similar 
to the blood eosinophil. Plasmocytes and 
lymphocytes were also prominent. 

The dermal papillae varied considerably 
with areas of thick or thin epidermis. In 
the muzzle, with its thickened epidermis, 
they were highly developed ; they were less 
prominent or absent under thinner epi- 
dermis (fig. 1, 2). 

All 4 of the Aberdeen Angus cattle had 
the thinnest dermis in the ventral axillary 
region. Both the male and female Here- 
fords appeared to have a thicker dermis 
than did the Aberdeen Angus cattle. 

The stratum reticulare consisted of large, 
coarse, interwoven bundles of collagenous 
fibers generally parallel to the surface and 
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Fig. 4—Longitudinal section through a hair follicle 
showing the folds which begin near the sebaceous 
ducts and include the middle third of the follicle 
(Aberdeen Angus): sebaceous glands (A); folds 
(B); lumen of hair follicle, hair absent (C); pig- 
ment granules (D). H & E stain; x70. 


Fig. 5—Cross section through highly developed 
sebaceous glands of the perianal region (Here- 
ford): sebaceous duct (A); hair and follicle (B); 
sebaceous gland (C); sweat duct (D); stratum 
papillare (E); capillary (F). H & E stain; x 125. 


to each other. Elastic fibers were present 
only when associated with the supporting 
areolar tissue, blood vessels, and nerve 
trunks. 

Although all the animals were fattened 
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thoracic region (Hereford): lumen of gland containing amorphous material (A); flat cells of 
the gland wall (B); hair (C). H & E stain; x170. 


Fig. 7—Cross section showing the relation of the sebaceous glands to their respective hair fol- 
licle (Aberdeen Angus): lobule of a sebaceous gland near the duct (A); hair follicle (B); 
small blood vessel (C). H & E stain; x 170. 


Fig. 8—Longitudinal section through two epidermal pegs showing hair and sweat duct (Here- 
ford): hair follicle (A); sweat duct (B). H & E stain; x 130. 


Fig. 9—Saccular coiled sweat gland in the fetlock (Hereford). H & E stain; x 130. 
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J 
Fig. 6—Longitudinal section through a hair follicle and saccular sweat glands {a 
XUM 
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for slaughter, adipose tissue was absent ex- 
cept in the brisket and in the dewlap, where 
it was restricted to the deepest portion of 
the dermis. Large and frequently branching 
blood vessels and nerve trunks were in the 
deep portion of the dermis. Large elastic 
fibers were associated with these vessels. 
Although numerous nerve trunks were 
present, no special nerve endings were ob- 
served. Three levels of capillary plexuses 
occurred ; one deep in the dermis, one near 
the hair bulb and sweat glands, and one 
near the epidermis and sebaceous glands. 

Hair.—In both breeds and sexes, a series 
of distinct folds was invariably present 
in the wall of the hair follicle (fig. 4). 
There were usually 15 to 25 folds which 
began at the opening of the sebaceous ducts 
and encireled the middle third of the hair. 
They extended 30 to 40 » into the lumen 
of the follicle and occasionally were in con- 
tact with the hairs, but no definite attach- 
ment mechanism could be seen. They con- 
sisted of a homogeneous material which 
stained pink with eosin but did not take 
an elastic tissue stain. No cells or fibers 
were present. A subsequent study of cat 
skin by Strickland ' revealed similar struc- 
tures in the guard hair. He concluded that 
these were folds of the cuticle of the root 
sheath. 

Hair density apparently varied consider- 
ably with the seasons. Since this was not a 
seasonal study, no conclusions concerning 
hair density were drawn. The angle at 
which the hair penetrated the skin was less 
than 45 degrees except on the udder and 
anal region, where the angle was approxi- 
mately 90 degrees. The hair follicle rarely 
contained more than one hair (fig. 6) ; when 
two oceurred, one usually showed signs of 
degeneration. 

Sweat Glands.—The sweat glands of both 
breeds and sexes were divided into three 
morphological groups: saccular noncoiled, 
saccular coiled, and compound tubular. 

Most of the body was characterized by 
the saccular noncoiled type which had a 
large lumen, 300 to 400 » in diameter. The 
walls were covered with flat epithelium 
(fig. 6). The cytoplasm was usually gran- 
ular and the nuclei were spindle-shaped. 
The cell outlines were not distinct. The 
rest of the wall consisted of the spindled 
myoepithelial cells described by Yang.” 
The lumen often contained a granular 
amorphous material. The ducts opened into 
the hair follicle near the surface. They 


passed between the lobules of the sebaceous 
gland (fig. 5) on the side of the follicle to 
which the arrector pili muscle was attached. 

The saccular coiled type was located 
about natural openings in skin margin 
areas at the point of the hock and on the 
surface of the fetlock (fig. 9). The ducts 
opened on the surface epithelium (fig. 8). 

The compound tubular glands, found 
only in the nasolabial region, consisted of 
branching, closely coiled tubules. The fune- 
tional epithelial cells were pyramidal, and 
those of the ducts were cuboidal (fig. 3). 
The duct system was similar to that of the 
salivary glands. The duct epithelium was 
simple cuboidal except in the interlobar 
ducts, where it was stratified. The stratified 
squamous epithelium of the large ducts was 
heavily pigmented in the Aberdeen Angus, 
but pigment was scant or absent in these 
ducts in the Hereford. 

Sebaceous Gland.—The sebaceous gland 
structure was similar to that of other spe- 
cies. The size was inversely proportional 
to the hair density. They were more highly 
developed in the perianal region (fig. 5) 
and at the horn, hoof, and muzzle margins 
but were absent in the hairless areas. While 
the sebaceous glands might entirely sur- 
round the hair follicle, they were most fre- 
quently located on one side (fig. 5, 7). 


SUMMARY 


Sections from 24 body areas on the skins 
of Hereford and Aberdeen Angus cattle, 
2 noneastrated males and 2 females of each 
breed, were compared histologically. 

The results point to certain breed and 
sex differences in skin thickness; the skins 
of Herefords of both sexes were thicker 
than the skins of Aberdeen Angus and that 
of the male Aberdeen Angus was thicker 
than in the female. Total skin thickness of 
the 8 animals varied from 4.2 to 6.3 mm. 
The stratum corneum was thicker in the 
Aberdeen Angus, and the stratum germi- 
nativum was thicker in the Hereford. The 
thickest epidermis was on the muzzle and 
consisted of 150 to 200 epithelial cell layers. 
The thinnest epidermis was not confined to 
any particular location. Excluding the 
muzzle, the thickest epidermis in 3 of the 4 
Herefords was on the ventral abdominal 
wall. There was little evidence of mitotic 
activity in the epidermis. 

An epidermal pigment evaluation re- 
vealed breed differences but no sex differ- 
ences. In the Aberdeen Angus, the pigment 
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granules were fine and black; those of the 
Hereford were coarser and always brown. 
The dorsal areas showed the greatest den- 
sity of pigment, the lateral areas and the 
extremities were intermediate, while the 
ventral and axillary areas showed the least 
amount. In the Hereford, the quantity was 
greater in the red than in the white areas. 

A true basement membrane was not de- 
monstrable. A few processes from the basal 
epithelium extended into the dermis. 

The dermis of the Hereford was thicker 
than that of the Aberdeen Angus. The 
fibers were also heavier and more densely 
arranged. The areas studied contained fat 
only in the loose skin under the neck, or 
dewlap; the skin over the sternum, or 
caudal brisket ; and the lumbar regions in 
both species. 

A structure not previously described oc- 
curred in the hair follicle. A series of 15 
to 25 folds began at the opening of the 
sebaceous duct in the hair follicle. They 
extended 30 to 40 » into the lumen and 
encircled the middle one third of the fol- 
licle. Their function has not been deter- 
mined. 

Three types of sweat glands were pres- 
ent: saccular noncoiled in the general body 
areas, saccular coiled about natural open- 
ings and skin margin areas, and compound 
tubular confined to the nasolabial region. 

The sebaceous glands varied in size and 
form with hair density. In areas where the 
hair was thin, at the margins of the hooves 
and around natural openings, they were 
highly developed. In areas where the hair 
was dense (neck regions), the hair follicles 
seemed to crowd the glands into smaller 
narrow components. In general, they oc- 
curred on the same side of their respective 
hair follicles. 
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Critical Tests with Polymethylenepiperazine (PMP) 
Against Parasites of the Horse 


J. H. DRUDGE, D.V.M., Sc.D.; S. E. LELAND, Jr., Ph.D.; Z. N. WYANT, A.M.; 
G. W. ELAM; L. B. HUTZLER, M.S. 


Lexington, Kentucky 


INVESTIGATIONS on piperazine adipate 
generally have been used in fixing the dos- 
ages of the other piperazines for the horse 
at approximately 40 mg. of piperazine base 
per pound of body weight. There is evi- 
dence * that the citrate and phosphate 
salts are equally effective with the adipate 
at this dosage level. However, studies on 
the efficacy of lower dosages have been 
limited to the early work with the adipate 
and the recent investigations on the 
piperazine-carbon disulfide complex. Poyn- 
ter © reported that the latter was highly 
effective against ascarides at dosages of 
25 mg. base/Ib. 

In the more recent critical tests* and 
field trials** of the present authors, 
20 mg. base/Ib. was completely effective 
against mature and immature ascarides. 
Small strongyles were also effectively re- 
moved by the 20 mg. base/lb.-dose level 
but the large strongyle, Strongylus vul- 
garis, was not. In the field trials,* doses of 
10 mg. base/lb. of the complex had a 
marked removal action on the ascarides but 
were below the minimal dose for complete 
removal in suckling foals. 

The present trials with polymethylene- 
piperazine (pmMp)* were undertaken (1) 
to provide basic data on its efficacy against 
the common parasites of the horse for 
comparison with the other piperazines, and 
(2) to determine the minimal effective dose 
against the various types of parasites, es- 
pecially the ascarides. 


MATERIALS AND METHODS 


The 13 eritical and five subcritical tests that 
were completed form the bulk of this evaluation. 
Several additional noncritical studies were made 
in which pre- and post-treatment egg and larval 
counts in feces were used to estimate the anthel- 
mintie activity. 


From the Department of Animal Pathology, Kentucky 
Agricultural Experiment Station, Lexington. Published 
by permission of the director of the station. 

The study was supported in part by grants from the 
Agricultural Division, American Cyanamid Company, and 
the Grayson Foundation, Inc. 
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Details of the techniques for counting the worms, 
eggs, and larvae were the same as outlined earlier 
for similar tests in the horse.’ In the present 
critical tests, animals were routinely necropsied at 
the end of a four-day post-treatment interval. 

The animals used for subcritical tests were not 
necropsied. The anthelmintic action was evaluated 
by: (1) the number of ascarides voided in the 
feces after initial treatment, (2) the number 
voided after retreatment, and (3) weekly eggs per 
gram (e.p.g.) examinations of feces during a 12- 
week interval after the last treatment. 

The test horses were of mixed light-horse breed- 
ing, and all of the parasitic infections were natu- 
rally acquired. None of the animals had been given 
recent anthelmintic treatment. Only young ani- 
mals (weanlings and yearlings) were used in the 
critical and subcritical tests. One of the noncritical 
studies was completed on a group of yearlings, 
while the others were made on mature mares. 

The drug was administered via stomach tube 
or in the feed. For the former, a suspension of 
the drug powder in tap water was prepared just 
before treatment. The grain ration was withheld 
from the animals on the morning of treatment; 
there were no other fasting procedures. For ad- 
ministration in the feed, the drug powder was 
mixed with a day’s ration of dampened oats. Vary- 
ing periods of time up to several hours were re- 
quired to consume the medicated grain. 

In addition to being insoluble in water, PMP 
is characterized by a relatively high (85%) piper- 
azine base content. To facilitate comparison with 
the other derivatives, the dosages of PMP are ex- 
pressed in terms of piperazine base content which 
is regarded as the anthelmintically active portion. 
Except for the piperazine-carbon disulfide complex, 
the activity of these drugs in general has been 
proportional to the base content. 


RESULTS 


The critical test data on the five trials 
with pmp, which were run at dosages of 21, 
51, and 106 mg. base/Ib. of body weight, 
are summarized (table 1). Complete re- 
moval of both mature and immature ascari- 
des was characteristic of these trials. The 
removal activity was 0 to 67 per cent 
against the relatively light infections of 
mature pinworms. Against the heavy in- 
fections of immature pinworms, as en- 
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TABLE 1—Critical Test Data on the Efficacy of Polymethylenepiperazine 
Against Parasites of the Horse 


Dose 


Ascarides (P.e.) Pinworms (0.e.) 


Stomach Thread- 


Strongyles Bots worms worm 


Imma- Ma- 
ture ture 


Total Mg./Ib. Ma- 
Gm. (base) Method ture 


Imma- 
ture 


S.v. S.ed. G.i. G.n. 


Small T.a. H.m. 8.w. 


No. VOIDED IN FecES AFTER TREATMENT 


1,440 6 
9,315 2 
4,870 56 
11,750 38 
3,375 28 


No. RECOVERED AT NECROPSY 4 DAys AFTER TREATMENT 


8,400 0 59 
4,350 28 80 


1,400 
150 


115 
389 


4,580 98 


PERCENTAGE OF EFFICACY 


garis; S.ed. = Strongylus edentatus; 


G.i. = Gasterophilus 


oe 0 
0 0 
0 0 
nasalis ; 


intestinalis; G.n. = Gasterophilus 


T.a. = Trichostrongylus azei; H.m. = Habronema muscae; S.w. = Strongyloides westeri. 


countered in all but 1 of the animals, 
removal activity was of a low order—at 
0 to 12 per cent. Efficacy of 85 per cent or 
above against the small strongyles was 
found throughout this range of doses, but 
51 mg. base/Ilb. was required for removal 
of 43 to 47 per cent of the large strongyle, 
8S. vulgaris. Administration of the drug 
in the grain ration appeared to reduce the 
effectiveness against this species in animal 
718. No action was found against the other 
large strongyle, Strongylus edentatus, ei- 
ther against the adult worms in the colon, 


or the immature forms in the subperitoneal 
cysts. Likewise, no effect on immature 8S. 
vulgaris in the anterior mesenteric artery 
was detected. Two species of bots, Gas- 
terophilus intestinalis and Gasterophilus 
nasalis, were not removed by the drug. In- 
fections with stomach worms, Habronema 
muscae and Trichostrongylus axei, and the 
threadworm, Strongyloides westeri, were 
found in most of the animals at necropsy. 

In the eight critical tests at the lower 
dosage levels of 5, 10, and 13 mg. base/Ib., 
there was a high order of activity against 


TABLE 2—Critica! Test Data on Activity of Low Dosage Levels of 
Polymethylenepiperazine Against Ascarides and Pinworms 


Mature 
Re- 
Method moved* Leftt 


Gm. 


Horse 


Tube 19 
Feed 47 
Tube 5 
Tube 32 
Tube 
Tube 
Tube 

710 Tube 


SUBCRITICAL TESTS 


“w34 2.7 
W37 3.75 
W38 3.4 
Y15(1) 
Yi5(2) 12.2 


Tube 
Tube 
Tube 
Feed 26 
Feed 1 


Parascaris equorum 


Efficacy 
(%) moved* Leftt 


Oxyuris equi 

Mature female 
Efficacy 

Left? (%) 


Immature 


Re- Efficacy Re- 
(%) moved* 


eococeco 


* No. voided in feces during four-day interval after treatment. 
tests or removed by later treatment in subcritical tests. 


+ No. found at necropsy in critical 
** x = No observation made. 


70 
73 8.6 21 Tube 12 13 2 450 0 0 0 s* x x 
: 716 13.2 21 Tube 11 0 0 610 0 1 0 x x x 
77 26.5 51 Tube 1,210 0 1 100 0 0 0 x x x 
718 52.0 51 Feed 15 3 2 0 0 1 0 x x x 
719 59.4 106 Tube 0 0 0 645 0 0 0 x x x 
73 0 0 1 0 150 90 x 
716 0 0 1 32 20 10 x 
77 0 0 4 | 90 74 0 2 20 20 x 
718 eevee oscese Séscvese 0 0 2 50 136 15 48 920 0 x 
719 0 0 5 13 530 130 5,200 
716 100 0 12 89 5 0 1 0 ee 
J 77 100 20 7 98 43 
718 100 100 50 0 99 22 
*x— No observation made; P.e. = Parascaris equorum; O.e. = Oxyuris 
Dose 
Total Mg./ib. 
(base) 
CRITICAL TESTS 
32 37 7 100 1 30 3 
10 83 7 100 77 85 45 
0 100 0 0 0 
0 100 16 100 20 35 36 
‘ 1 50 2 100 2 26 7 
0 100 3 100 6 24 30 
0 100 64 100 0 1 0 
0 100 0 0 0 
‘ 10 93 166 2 99 x** x ois 
10 93 84 0 100 x x oars 
10 100 352 0 100 x x gous 
10 45 0 0 x x 
15 96 0 0 verte x x oh 
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both mature and immature ascarides (table 
2). The 10 mg. base/lb. doses were more 
effective when given via stomach tube than 
via grain; the 5 mg. base/lb. dose appeared 
to be too low for effective removal of ascari- 
des. From 3 to 48 per cent of the adult pin- 
worms were removed in this series of 
horses. 

Five additional subcritical trials (table 
2), testing the efficacy of the 10 and 15 
mg. base/lb. dosages against the ascarid, 
were generally in accord with the foregoing. 
Although these animals were not necrop- 
sied, the consistent and highly effective re- 
moval of the ascarides by the 10 mg. base/ 
Ib. dose administered by stomach tube was 
indicated by (1) the large numbers of both 
mature and immature ascarides recovered 
from the feces following the first treatment 
of each animal; (2) the small numbers of 
asearides recovered following retreatment, 
and (3) the negative ascarid e.p.g. for 
post-treatment observation periods of 8 
weeks (horses W37 and W38) and 3 weeks 
(horse W34). Administration in the feed 
seemed less effective, as only 45 per cent 
were removed by the 10 mg. base/Ib. dose 
in horse Y15. Retreatment of this animal 
with 15 mg. base/lb. removed all but 1 of 
the asecarides, and it was eliminated after 
the third treatment with 20 mg. base/Ib. 

Worm egg and larval counts were also 
made on the feces of the critical test horses 
(table 3). Finding ascarid eggs in the feces 
of most of the animals on the fourth day 
after treatment was at variance with thc 
worm recovery data (table 1) ; it indicated 
insufficient time for these eggs to pass from 
the digestive tract, rather than a failure 
to remove the mature ascarides. Reduction 
of the strongyle egg count was a consistent 
finding after treatment, although a 90 per 
cent or more reduction was not observed 
below doses of 51 mg. base/Ib. This may be 
accounted for by the more effective re- 
moval, at the lower doses, of small stron- 
gyles than of large strongyles. 

The larval count data is also in accord 
with this selective action between the large 
and small strongyles; consistent reduction 
of S. vulgaris larvae was not observed at 
doses - below 51 mg. base/Ib., although 
marked reduction of other strongyle larvae 
was recorded at the relatively low 10 mg. 
base/lb. level. The data (table 3) indicate a 
higher percentage of removal of S. vulgaris 
larvae at the 51 mg. base/Ib. dosage levels 
than of the worms (table 1), which may be 


(%) 


treat- Change 
ment 


Strongyloides 
Before After 


treat 
ment 


Change 
(%) 


treat- 


** x = No observation made. 


Other strongyles 


treat- 


Larvae per gram of feces 


Strongylus vulgaris 
After 
treat Change  treat- treat Change 


Strongyloides 


Before 
treat- 


treat- Change 
+ Average of three counts on fourth day after treatment. 
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accounted for by a selective removal of 
the more mature individuals. This phe- 
nomenon may also apply to the small stron- 
gyles, and be reflected in the generally 
greater reduction (table 3) of the other 
strongyle larvae, which were largely com- 
posed of small strongyle species, than the 
worm collection data (table 1) would indi- 
cate. Observations of S. westeri eggs and 
larvae failed to establish any drug activity. 

One test on a group of 12 yearlings com- 
pared the efficacy of two dose levels (20 
and 40 mg. base/Ib.) against strongyles. 
The drug was administered by stomach 
tube. The pre- and post-treatment egg 
(e.p.g.) and larval (l.p.g.) counts on these 
animals are summarized (table 4). Both 
dose levels produced striking reductions in 
e.p.g. and other strongyle l.p.g. counts, but 
a consistent and significant reduction in 
S. vulgaris |.p.g. counts was only observed 
at doses of 40 mg. base/Ib. 

A similar type of study was made on a 
group of 5 mares (table 4). The drug 
was administered in the grain ration, and 
it was readily consumed. The observations 
were generally in accord with those on the 
yearling, except that the 20 mg. base/Ib. 
dosage level reduced the strongyle e.p.g. to 
a lesser extent while the percentage reduc- 
tion of S. vulgaris larvae was greater. 

Two trials were made with pmp in mares 
for activity of low-level type of administra- 
tion on strongyles. After 14 daily doses 
were fed to mare 223 in the grain ration at 
5 mg. base/Ib. (5.5 Gm. pmp/day), there 
was no change in the strongyle egg and 
larval counts. After the same number of 
doses at twice the rate (10 Gm. pmp/day) 
were fed to mare 223 in the grain ration at 
apparent change in the strongyle egg and 


TABLE 4—Egg and Larval Count Data 


Eggs per gram of feces 


Strongyle 


After 
treat- 
ment? 


Dose 


Change 
(%) 


No. of Base 
animals (mg./Ib.) Method 


ment* 


YEARLING EXPERIMENT 
20 
40 

Control 


80 
70 
295 


—93 


—92 


1,170 
910 
295 


MARE EXPERIMENT 
1 10 
1 20 
1 40 
2 


—28 
—51 
—89 
+21 


520 
260 

50 
995 


720 
530 
470 


Control 820 


Against Strongyles in Yearlings and Mares 


ment 


larval counts. An earlier treatment of this 
mare with a single dose of pmp at 10 mg. 
base/Ib. in the grain ration effectively re- 
moved a light ascarid infection, as deter- 
mined by the absence of ascarid eggs in 
the feces during the subsequent two-month 
period. 


DIscussIoNn 


The highly effective removal of both ma- 
ture and immature ascarides by pmpP at the 
low dosage level of 10 mg. base/Ib. of body 
weight is of special interest. This is the 
lowest level based on critical tests that has 
been reported for any of the piperazines, 
although there is evidence from field 
studies * that the piperazine-carbon disul- 
fide complex possesses a similar high order 
of activity against the equine ascarid. Pre- 
vious critical tests * using the complex, in 
which doses below 20 mg. base/Ib. were 
not tried, resulted in complete removal of 
Parascaris equorum. In the more recent 
field studies,” lower dosages of the complex 
(10 mg. base/lb.) were consistently effec- 
tive in markedly reducing or eliminating 
ascarid eggs in the feces. Piperazine adi- 
pate is the only other piperazine on which 
there are reports of critical tests in the 
horse }}*:13 and it appears to be less effeec- 
tive, requiring dosage levels of 40 mg. 
base/Ib. for efficient removal of the ascarid. 
However, the testing of lower doses of the 
adipate seemed to be limited to a single trial 
in a pony that was given 20 mg. base/Ib.! 
There is increasing evidence that the gen- 
erally accepted dosage structure of piper- 
azines for the horse ascarid, based on the 
early work with the adipate, is not ade- 
quate. The dosage and activity relation- 
ships among the various piperazine deriva- 


on Activity of Polymethylenepiperazine 
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tives in the horse require further study. 

Lack of solubility has been regarded by 
some workers ** as favoring in vivo activ- 
ity of piperazines, but this factor does not 
explain the apparent differences between 
pMP, the complex, and the adipate, since all 
three are only slightly soluble in water. 

It is also doubtful that the substitution 
component of pp is a significant contri- 
buting factor to the higher order of activ- 
ity, because of the general finding that the 
anthelmintic activity of the piperazines is 
a function of the base content. The only 
exception to this has been the complex 
where the carbon disulfide component, per 
se an effective agent, undoubtedly contri- 
butes to the removal action on P. equorum. 

Methods of administration played a sig- 
nificant role in determining the dosage level 
required for effective action. Treatment was 
more efficient when given by stomach tube 
than when fed in the grain ration. Al- 
though there was no special attempt to com- 
pare method of administration and efficacy 
in the present trials, the limited evidence 
indicated that the difference was about 
twofold. Furthermore, this factor probably 
explains the apparent discrepancy between 
the lower minimal effective levels found for 
the removal of P. equorum and those re- 
ported ® 8-10, 12,16,17 for most of the piper- 
azines for the removal of Ascaris luwmbri- 
coides var. suum in swine. 

Recent evidence ® indicates that not only 
the administration via the ration, but also 
the practice of treating swine in groups, 
results in lower efficacy. The stomach tube 
method, a common procedure in equine 
practice, offers the opportunity of effect- 
ing some economy in using the relatively 
expensive piperazines for the treatment of 
ascarid infection in the horse. 

The 85 per cent or higher activity in re- 
moving small strongyles with dosages of 
PMP as low as 20 mg. base/lb. is in close 
agreement with the previous observations 
on the piperazine-carbon disulfide com- 
plex.*:414 Therefore, both of these com- 
pounds appear to be more active against 
small strongyles than the adipate,’ which 
requires dosages of 40 mg. base/lb. for this 
level of activity. Lower doses of the pmp 
were not critically tested, but 10 mg. base/ 
lb. also appears to be effective against small 
strongyles as determined by reductions in 
strongyle e.p.g. and larval counts after 
treatment. 

In contrast with the foregoing, larger 


doses of pmp (40 mg. base/lb.) were re- 
quired for appreciable action on the large 
strongyle, S. vulgaris. These observations 
are in agreement with the general evidence 
on the several piperazines that have been 
tested, which indicates that this level of 
piperazine base is the minimal dosage for 
50 per cent removal of this species. In- 
creasing the dose did not enhance the action 
in the present critical tests or in earlier 
trials with the complex.* No activity 
against S. edentatus was detected, which is 
in keeping with the consistent failure to 
find action on this species among the pi- 
perazines, except from relatively high doses 
of the complex.* 

Light infections of adult pinworms were 
present in the animals given the higher 
doses of pmp. Removal action attributable 
to the drug was variable, incomplete, and 
difficult to evaluate, because of the tend- 
ency for these forms to be more or less con- 
tinually eliminated. However, the activity 
tended to be less than that reported }}* 
for other piperazines. Low-grade removal 
activity against the immature pinworms 
was characteristic in the present trials and 
is typical of the findings in other investiga- 
tions ?3:7,15 of this group of compounds. 
The failure to remove more than a small 
percentage of the large number of imma- 
ture pinworms that commonly occur in the 
horse indicates that there is little promise 
in the piperazines for the successful treat- 
ment of this infection, unless a more active 
preparation or adequate dosing procedure 
can be found. 


SUMMARY 


The anthelmintic activity of polymethyl- 
enepiperazine (PMP) in the horse was eval- 
uated in a series of 13 critical and 5 sub- 
critical tests. Additional studies, involving 
12 yearlings and 7 mares on which pre- 
and post-treatment egg and larval counts 
were made, extended the evaluation against 
strongyles. 

The dosage was 5 to 106 mg. of piperazine 
base per pound of body weight and treat- 
ment was via stomach tube, except for sev- 
eral trials on administration via the grain 
ration. Nearly 100 per cent removal of 
both mature and immature ascarides re- 
sulted from a dosage of 10 mg. base/Ib. 
given by stomach tube. Limited evidence 
indicated that administration via the grain 
ration doubled this dosage requirement. 

Removal of 85 per cent or more of the 
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small strongyles foliowed doses as low as 
21 mg. base/Ib. in the critical tests. Data 
on egg and larval counts of other test ani- 
mals indicated that 10 mg. base/lb. via 
stomach tube was also effective against 
small strongyles. In contrast, there was a 
significant loss of activity against the small 
strongyles when this dosage level was fed 
with the grain ration, even when as many 
as 14 consecutive daily doses were given. 

Removal of approximately 50 per cent 
of Strongylus vulgaris organisms followed 
dosages of 51 mg. base/Ib. and above in the 
eritical tests. Data from the noncritical 
studies indicated that 40 mg. base/Ib. is 
required for significant removal of 8S. 
vulgaris. 

Activity against pinworms (Oxyuris 
equi) varied from 0 to 67 per cent for the 
adult forms and 0 to 12 per cent for the 
fourth-stage larval forms. 

No action was found against Strongylus 
edentatus, Trichostrongylus axei, Habro- 
nema muscae, Strongyloides westeri, Gas- 
terophilus intestinalis, or Gasterophilus 
nasalis. 
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The Relationship of Serum Glutamic Oxalacetic Transaminase 
to Nutritional Muscular Dystrophy in Lambs 


KARL F. SWINGLE, Ph.D.; STUART YOUNG, M.R.C.V.S., D.V.S.M.; 
HUNG CHEN DANG, M.S. 


Bozeman, Montana 


THE ENZYME glutamic oxalacetic transami- 
nase, which transfers the alpha-amino 
group from aspartic acid to alpha-ketoglu- 
tarie acid, occurs in most mammalian tis- 
sues, being especially abundant in the myo- 
cardium, liver, and skeletal muscles. Active 
destruction of the cells of any of these 
tissues, from trauma or from disease, re- 
leases the transaminase into the blood 
where it may be determined chemically 
and the results of such analyses used for 
diagnostic purposes. Elevated serum glu- 
tamic oxalacetic transaminase (sGor) levels 
have been reported to accompany progres- 
sive muscular dystrophy in human be- 
ings.*-5-8 Similarly elevated scot levels 
were found in clinical cases of naturally 
occurring muscular dystrophy in lambs in 
Nevada.! 

In connection with a study of the cause 
of muscular dystrophy in calves and lambs 
in Montana, it was desirable to confirm 
the subjective clinical diagnosis of the dis- 
ease by an objective laboratory test. It 
appeared that the scot determination of- 
fered the greatest promise of being satis- 
factory for this purpose. It was hoped 
that this test would, in addition, provide a 
sensitive measure of muscle damage in 
lambs failing to show signs of obvious mus- 
cular weakness. 

This paper presents data showing the 
reliability of the scot test in the diagnosis 
of muscular dystrophy in lambs. 


MATERIALS AND METHODS 


The scor tests described were made on serum 
samples from lambs in a flock maintained at this 
laboratory for the purpose of experimental work 
on nutritional muscular dystrophy. In 1957 and 
1958, this experimental work was designed to 
evaluate the effects on the incidence of the disease 
of various nutrients supplied to the pregnant ewes. 


From the Montana Veterinary Research Laboratory 
(Montana Experiment Station and Livestock Sanitary 
Board cooperating). Montana State Sollege Agricultural 
Experiment Station paper No. 431, journal series. Mr. 
Dang is now with the Department of Pharmacology, Uni- 
versity of Chicago, Chicago, Ill. 


The nutritional aspects of this trial will be re- 
ported elsewhere. 

A total of 418 lambs was born in the flock, and 
blood samples for seot tests were taken routinely 
from each surviving lamb when 7 and 14 days old. 
A total of 380 samples taken on the seventh day 
and a total of 374 samples taken on the fourteenth 
day were tested. In addition, 366 blood samples 
were taken from lambs, 3 to 47 days old, for 
correlation of the scot levels with observed signs 
of illness. 

The scot was determined by the method of 
Cabaud et al.,? in which a buffered aspartic keto- 
glutaric substrate is incubated with the blood 
serum, and the oxalacetic acid, formed by the 
enzymatic deamination of the aspartic acid, is 
reduced to pyruvie acid. The latter is treated with 
2,4-dinitrophenylhydrazine to form a _ hydrazone, 
which is extracted with toluene and reacted with 
alcoholic potassium hydroxide to form a color 
measurable spectrophotometrically at 490 mu. The 
results are expressed as micrograms of pyruvic 
acid formed per milliliter of serum in 20 minutes 
at 25C. These are the scot units commonly used 
in recent clinical literature. 

In the course of the experiment, 77 lambs either 
developed clinical signs of muscular dystrophy or 
had lesions of the disease at necropsy. The aver- 
age age at which the first signs became apparent 
was about 23 days, although close daily observa- 
tion of signs was not possible under the conditions 
of the experiment. 


RESULTS 


Blood Samples Taken at 7 and 14 Days 
of Age.—The seor values for these samples 
are shown (table 1). Also indicated are 
the total number of lambs having seor test 
results falling in each 50-unit interval from 
50 to 590 units and the number of lambs in 
each of these intervals that subsequently 
showed signs or lesions of muscular dys- 
trophy. The figure of incidence is ex- 
pressed as a percentage of all lambs in 
each interval. 

A direct relationship is shown (table 1) 
between the amount of transaminase in 
serum samples taken from lambs 7 or 14 
days old and the ensuing incidence of mus- 
cular dystrophy in the donor lambs. 
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Blood Samples Taken at Other Ages.— 
Of the 366 samples taken from lambs at 
various ages, other than 7 and 14 days, 134 
gave saorT test results higher than 400 units. 
Of these 134 samples, 103 (77%) were 
derived from lambs that showed clinical 
signs or lesions of muscular dystrophy at 
necropsy. 

Of the 77 lambs that were classified as 
having muscular dystrophy, 74 had scor 
levels higher than 400 units in samples 
taken shortly before or after the recogni- 
tion of signs of the disease or just before 
death. The other 2? lambs were not tested 
within ten days of the time that signs 
appeared. 

Few specific diseases other than muscular 
dystrophy occurred in the lambs of this 
flock. However, that a high scot level may 
be associated with other diseases is shown 
by 1 lamb, affected with suppurative ar- 
thritis, which had a consistently high scot 
level for several days before death. Many 
cases of bronchopreumonia occurred and 
none of these lambs showed high scot levels 
at any stage in the course of the disease. 


DIsScussION 


In evaluating the results of the scor 
tests reported in this flock, only those 
lambs showing detectable clinical signs or 
gross necropsy lesions were regarded as 
having muscular dystrophy. Since the con- 
ditions of the experiment did not allow 
close daily inspection of every lamb, and 


since only a few of the affected lambs died, 
it is possible that many mildly affected 
lambs were not classified as having the 
disease. 

In spite of this possible error, the scor 
results showed a significant relationship to 
the occurrence of the disease. This rela- 
tionship was to be expected with samples 
obtained at ages later than 14 days since, 
in most cases, these samples were taken 
from lambs that were already showing 
signs of the disease. This study confirms 
the observation of Blincoe and Dye? that 
the scot test provides a useful means of 
supporting a diagnosis of muscular dys- 
trophy. 

The relationship that occurs between 
scot levels in samples drawn from lambs 
7 or 14 days old and the ensuing incidence 
of muscular dystrophy in the donor lambs 
is of special interest. In each case, the 
donor lamb was clinically normal at the 
time these samples were drawn. Donor 
lambs that subsequently showed signs or 
lesions of muscular dystrophy did not do 
so until reaching an average age of 23 days. 
It seems evident from this observation that 
the scot level is a sensitive indicator of 
early muscular damage and that early le- 
sions of muscular dystrophy may be pres- 
ent for many days before clinical signs 
become apparent. 

One other interesting observation regard- 
ing lamb seor levels was that all but 20 of 
the pregnant ewes in this flock were main- 


TABLE 1—Serum Transaminase Levels in Lambs 7 and 14 Days Old and Their Relationship 


Day 7 Day 14 
Serum No. No. 
trans- lambs lambs 
aminase Total later Incidence Total later Incidence 
levels No. showing of MD No. showing of MD 
(units) lambs MD (%) lambs D (%) 
50-99 48 4 8.3 19 0 0.0 
100-149 256 41 16.0 175 17 9.7 
150-199 42 10 23.8 80 13 16.3 
200-249 14 8 57.0 33 11 33.3 
250-299 8 6 17 5 
300-349 4 69.2 ll 6 62.5 
350-399 1 0 14 9 
400-449 8 2 6 2 
450-499 0 0 6 3 
500-549 0 0 3 2 
550-599 1 1 2 2 
600-649 1 1 3 2 
650-699 0 o} 71.5 2 2} 64.0 
700-749 0 0 0 0 
750-799 0 0 2 2 
800-849 1 0 0 0 
850-899 0 0 1 1 
900-950 1 1 0 0 
All levels 380 77 20.3 374 77 20.6 


“MD = muscular dystrophy. 
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NUTRITIONAL Muscutar DystropHy IN LAMBS 


tained through the winter on a basic hay 
ration obtained from a ranch which has 
produced dystrophegenic hay consistently 
for many years. The other 20 ewes were 
maintained on a hay ration from another 
ranch where this disease was unknown. 
These 20 ewes gave birth to 25 lambs, none 
of which subsequently showed any evidence 
of the disease, and none of which gave sGor 
results above 200 units when 7 or 14 days 
old. Of all other lambs born in the flock, 
9.6 per cent had seot levels higher than 200 
units at 7 days of age and 28.7 per cent 
had scot levels higher than 200 units at 
14 days of age. 


SUMMARY 


Serum glutamic oxalacetic transaminase 
tests were made on all surviving lambs 
when 7 and 14 days old. These lambs were 
in a flock in which 418 lambs were born 
and 77 lambs developed clinical signs of 
muscular dystrophy or showed lesions of 
the disease at necropsy. These tests were 
also made on many lambs at other ages. 


The results of the tests indicate that a 
rise in serum glutamic oxalacetic trans- 
aminase is a sensitive and early indication 
of muscular damage in this disease. 
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Experimental Production of Pneumonia in Lambs 


A. H. HAMDY, B.V.Sc., Ph.D., and W. D. POUNDEN, D.V.M., Ph.D. 
Wooster, Ohio 


IN INVESTIGATING respiratory disease agents 
in lambs, Pasteurella organisms, pleuro- 
pneumonia-like organisms (PPLO), and a 
virus were isolated.”*® Others also have 
encountered similar agents in investigat- 
ing the pneumonia problems of sheep. 

Montgomerie et al.” recovered a gram-nega- 
tive hemolytic coccobacillus from pneumoniec lungs 
of sheep. The isolated organism was nonpatho- 
genic for sheep by intranasal, intravenous, sub- 
cutaneous, or conjunctival routes. 

Stamp et al.” succeeded in transmitting Pasteu- 
rella hemolytica to sheep by the administration of 
cultures by different routes. 

Downey‘ reported the possible reproduction of 
pneumonia in 2 of 22 sheep exposed to an 
agent associated with enzootic pneumonia in New 
Zealand. 

Salisbury’ found that all transmission tests 
using cultures of pneumonic lung tissues yielded 
negative results in sheep. 

Greig failed to produce the disease condition 
in sheep with ovine ppLO. Cordy et al. ** sueceeded 
in experimentally infecting sheep, goats, and pigs 
with caprine PPLO. A virus possibly related to 
the psittacosis-lymphogranuloma group has been 
recovered from lungs of sheep with pneumonic 
involvement.” 

Stress has been considered to be among the fac- 
tors in initiating pneumonia in lambs.” 

Reports of attempts to produce pneumo- 
nia in lambs using combinations of these 
agents were not encountered. Therefore, 
our isolates, alone and in combinations, 
were examined for their potential abilities 
to produce pneumonic lesions in lambs. 


MATERIALS AND METHODS 


Forty-one healthy lambs, 4 to 12 weeks old, 
were used for experimental exposure. They were 
obtained from the Experiment Station flock and 
kept in pens in an isolation building. They were 
allotted to 13 exposure trials. Lambs 1 to 31 were 
taken from their dams at birth, before nursing, 
and were raised on cow’s milk. The remaining 
lambs (32 to 41) were raised naturally, but were 
separated from their dams before the exposure 
period. 

The lambs were inoculated with the agents re- 
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covered from pneumonic lesions. The nature of 
these agents has been described.”* The inoculum 
containing the virus was in the form of a 20 per 
cent suspension of lung tissues, using Difeo TC 
medium 199. The PPLO were propagated in phenol 
red maltose brcth enriched with 2 per cent Difco 
serum fraction. 

The methods used for detecting the presence of 
the virus and the other agents were described.’ 


RESULTS 


The experimental results are summa- 
rized (table 1), including the ages of the 
lambs, the inoculum used, and the route 
of administration. Two lambs died; the 
others were killed for necropsy three weeks 
after exposure. 

Trial 1—Viral Agent.—Four lambs were 
inoculated with a 20 per cent suspension 
of mouse lungs infected with the viral 
agent. Lambs 1 to 3 were inoculated 
with 4 ml. intratracheally and 5 ml. in- 
tranasally, while lamb 4 was imoculated 
intravenously with 3 ml. No rise in body 
temperature or evidence of sickness was 
observed. 

At necropsy, lamb 1 showed slight pneu- 
monic lesions which were confined to the 
apical lobes of the lungs. There were no 
gross changes in the other 3 lambs, and no 
bacteria or PPLO were recovered from their 
lung tissues. Pneumonia was induced in 
mice by intranasal instillation of a suspen- 
sion of the lung from lamb 1 only. 

When a 20 per cent suspension of the 
original lamb lung, from which the virus 
was recovered, was inoculated intratrache- 
ally and intranasally into lamb 5 and in- 
travenously into lamb 6, no significant 
terperature rises were recorded and no 
signs of pneumonia were observed. The 
lungs were grossly normal at necropsy. 
No bacteria or other agents were recovered 
from the lung tissues by using artificial 
mediums or mouse inoculations. 

Hematological studies of all 6 lambs 
during the three-week period revealed no 
change in their erythrocyte, leukocyte, or 
differential counts, or in their hemoglobin 
levels. 

Trial 2—Pleuropneumonia-like Organ- 
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TABLE i—Experimental Exposure of Lambs to Various Agents Recovered from Pneumonic 
Lesions in Lambs 
Lamb Age Dosage . Observations 
Trial No. (weeks) Agents (ml. ) Route Clinical Necropsy 
1 1 4 Virus 4,5 i.t., im. Negative Slight pneumonia 
2 8 Virus 4,5 i.t., im. Negative Negative 
3 8 Virus 4,5 i.t., im. Negative Negative 
4 12 Virus 3 i.v. Negative Negative 
5 10 Virus 4,5 i.t., im. Negative Negative 
6 10 Virus 3 i.v. Negative Negative 
2 7 8 PPLO 3,5 i.t., im. Temp. 104.0 F. on Slight pneumonia 
day 4 
8 PPLO 3,10 i.t., im. Negative Negative 
9 PPLO 3 i.v. Negative Negative 
3 10 6 Past. multocida 3,5 i.t., im. Temp. 104.0 F. on Septicemia, cystitis 
day 3 
11 6 Past. multocida 8,5 i.t., im. Negative Negative 
12 6 Past. hemolytica 8,10 i.t., in. Negative Negative 
4 13 5 Stress (environmental) Negative Negative 
14 4 Stress (cortisone acetate) 1 Gm. i,m. Negative Negative 
5 15 6 Virus, PPLO 3,5 i.t., im. Negative Negative 
16 5 Virus, PPLO 3,5 i.t., im. Negative Negative 
6 82 5 Virus, Past. multocida 4,5 i.t., im. Temp. 105.2 F. on day Negative 
4, anorexia 
33 5 Virus, Past. multocida 4,5 i.t., im. Temp. 104.8 F. on Negative 
day 3 
7 20 4 Virus, stress 3,5 i.t., im. Temp. 103.8 F. on Pneumonia 
days 3 to 5 
21 10 Virus, stress 3, 5 i.t., im. Temp. 104.8 F. on Negative 
day 4 
22 10 Virus, stress 4,5 i.t., im. Temp. 103.9 on Negative 
days 3 to5 
23 12 Virus, stress 4,5 1S., Tas Temp. 104.2 F. on Negative 
day 4 
8 17 8 PPLO, Past. multocida 4,4 i.t., im. Temp. 104.8 F. on Negative 
day 4 
18 9 PPLO, Past. multocida 4,4 i.t., im. Temp. 104.4 F. on Negative 
day 5 
19 9 PPLO, Past. multocida 4,4 i.t., in. Temp. 105.2 F. on Negative 
days 3 to 5 
9 24 10 PPLO, stress 3,5 i.t., im. Temp. 104.1 F. on Negative 
day 3 
25 10 PPLO, stress 3,5 i.t., im. Anemia, leukopenia Hernia, died 
26 11 stress 3,5 Temp. 104.2 F. on Negative 
day 4 
10 34 6 Past. multocida, stress 4,5 i.t., im. Temp. 104.4 F. on Negative 
day 4 
35 6 Past. multocida, stress 4,5 i.t., im. Temp. 105.6 F. on Negative 
day 6 
11 27 6 PPLO, Past. multocida, stress 4,5 14, im. Temp. 103.8 F. on Pneumonia 
day 3 
28 10 PPLO, Past. multocida, stress 4,5 is.. in. Temp. 105.2 F. on day Pneumonia 
4, leukopenia 
29 6 PPLO, Past. multocida, stress 4,5 i.t., im. Temp. 104.8 F. on Pneumonia 
day 5 
12 30 6 Virus, PPLO, Past. multocida 4,5 i.t., im. Temp. 105.3 F. on day Negative 
3, off feed 
36 6 Virus, PPLO, Past. multocida 4,5 i.t., im. Temp. 107.0 F. on day Pneumonia 
4, leukopenia 
37 7 Virus, PPLO, Past. multocida 4,5 i.t., im. Temp. 105.8 F. on Negative 
days 3 to 5 
38 8 Virus, PPLO, Past. multocida 4,5 i.t., im. Temp. 107.0 F. on day Slight pneumonia 
4, leukopenia 
13 81 10 Virus, pPLO, Past. multocida, 4, 5, i.t., in., Temp. 104.8 F. on day Pneumonia 
stress 2 i.c. 4, leukopenia 
39 7 Virus, PPLO, Past. multocida, 4,5 i.t., in. Temp. 107.0 F. on day Pneumonia 
stress 5, leukopenia 
40 ~ Virus, PPLO, Past. multocida, 4,5 i.t., in. Temp. 105.0 F. on days Pneumonia 
stress ; 4, 5, leukopenia 
41 6 Virus, PPLO, Past. multocida, 4,5 i.t., im. Temp. 106.8 F. on day Pneumonia 
stress 5, leukopenia 


i.t. = intratracheal; i.n. = intranasal; i.v. = intravenous; i.m. = intramuscular. 
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isms.—Pleuropneumonia-like organism 
broth cultures were used to inoculate lambs 
7 and 8 both intratracheally and intra- 
nasally and to inoculate lamb 9 intrave- 
nously. No significant temperature rises or 
clinical signs of pneumonia were observed 
in either lamb 8 or 9 and no PPLO were 
recovered from their lung tissues at ne- 
cropsy. However, lamb 7 showed anorexia 
and a temperature of 104 F. on the third 
day and, at necropsy, there were slight 
pneumonie lesions in the right apical lobe 
and PPLO were recovered from the lung 
tissues. 

Trial 3—Pasteurella Organisms.—Lambs 
10 and 11 were given an 18-hour broth 
culture of Pasteurella multocida intratra- 
cheally ana intranasally. Lamb 10 had a 
temperature of 104 F. on postexposure day 
3 and was markedly depressed by day 
17, when auscultation revealed crepitant 
sounds in the thorax. Lesions of septi- 
cemia, consolidation of the lungs, and cys- 
titis were observed at necrops’. The apical 
and cardiac lobes of both lings showed 
pneumonic lesions and Past. multocida was 
recovered from the lungs. Lamb 11 re- 
mained healthy, and no evidence of pneu- 
monia was found at necropsy. 

Lamb 12 was inocuiated intratracheally 
and intranasally with a broth culture of 
Past. hemolytica. No signs of illness devel- 
oped, and pneumonie lesions were not ob- 
served at necropsy. 

Trial 4—Stress—Lamb 13 was stressed 
by altering the environmental conditions, 
using steam heat (99 F. for 30 min.) fol- 
lowed by chilling (34 F. for 6 hr.). Lamb 
14 was stressed by administering a total of 
1 Gm. of cortisone acetate intramuscularly 
over a three-day period. No evidence of 
illness or rise of temperature was recorded 
for either animal. Pneumonia was not ob- 
served at necropsy, and no bacteria or 
other agents were recovered from the lung 
tissues. 

Trial 5—Virus and Pleuropneumonia- 
like Organisms.—Lambs 15 and 16 were 
inoculated intratracheally and intranasally 
with a combination of the virus (20% 
suspension of mouse lungs) and ppPLlo 
broth culture. Their body temperatures 
remained normal and no signs of illness 
were observed. Hematological examina- 
tions revealed no significant changes two, 
three, four, five, nine, and 14 days after 
inoculation. Pneumonia was not present 
in the lungs of either animal, and neither 


PPLO nor the virus were recovered from 
the lung tissues by the use of PPLO me- 
dium and mouse inoculation. 

Trial 6—Virus and Pasteurella Organ- 
isms.—Lambs 32 and 33 were inoculated 
intratracheally and intranasally with equal 
amounts of a 20 per cent suspension of 
mouse lungs infected with the virus and 
Past. multocida. Lamb 32 had a tempera- 
ture of 105.2 F., with anorexia, on the 
fourth day, while lamb 33 had a tempera- 
ture of 104.8 F. on the third day. The 
blood pictures of these 2 lambs were within 
the normal range. Pneumonia was not ob- 
served in either lamb, and the inoculated 
agents were not recovered from their lung 
tissues at necropsy. 

Trial 7—Virus and Stress.—Lambs 20 
to 23 were stressed by giving each a total 
of 1 Gm. of cortisone acetate intramuscu- 
larly over a three-day period. The last 
injection was given at the time of ex- 
posure with the virus material. Lamb 20 
had a temperature of 103.6 F. and showed 
signs of anorexia, depression, and dyspnea 
on postexposure days 3 to 5, but showed 
no significant changes in the blood picture 
during the three-week period. At necropsy, 
there was pneumonia in the apical lobes of 
both lungs. Suspension of the lung tissues 
treated with streptomycin (150 yug./1 ml.) 
produced pneumonia in mice by intranasal 
instillation. 

Lamb 21 had a temperature of 104.8 F. 
and anorexia on day 4, but no evidence 
of pneumonia was found at necropsy. 
Lamb 22 had a temperature of 103.9 F. 
on days 3 to 5, but no lesions were found 
at necropsy. Lamb 23 had a temperature 
of 104.2 F. on day 4, but no pneumonia 
was observed at necropsy. No bacteria or 
other agents were isolated from the lung 
tissues of these 3 lambs. 

Trial 8—Pleuropneumonia-like Orgen- 
isms and Pasteurella Organisms.—Lambs 
17 to 19 were inoculated intratracheally 
and intranasally with a combination of 
equal amounts of Past. multocida and 
pPpLo. A marked rise of temperature was 
observed in all 3 on postexposure days 3 
to 5 (table 1). There were no changes in 
the blood picture during the three-week 
period. The lambs were in good condition 
when killed and no pneumonic lesions 
were observed. Pasteurella organisms or 
PPLO were not recovered from their lung 
tissues. 

Trial 9—Pleuropneumonia-like Organ- 
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isms and Stress—Lambs 24 to 26 were 
stressed physically by altering the environ- 
mental conditions, as in trial 4. Each lamb 
was given PPLO intratracheally and intra- 
nasally. Lambs 24 and 26 developed tem- 
peratures of 104.0 F. on postexposure day 
3 and 104.2 F. on day 4, respectively, but 
pneumonic lesions were not present in 
either. Pleuropneumonia-like organisms or 
other agents were not recovered from their 
lung tissues. 

Lamb 25 developed some nasal discharge, 
depression, coughing, and anorexia. On 
day 12, it showed signs of weakness, and 
had a subnormal temperature (97.0 F.), 
as well as dyspnea, anemia, and leuko- 
penia. It died on day 14, and necropsy 
revealed a diaphragmatic hernia with hy- 
drothorax and pneumonia. Pleuropneumo- 
nia-like organisms were not recovered from 
the affected lung tissues. 

Trial 10—Pasteurella Organisms and 
Stress—Lambs 34 and 35 were stressed 
with cortisone acetate, as in trial 7, and 
Past. multocida was given intratracheally 
and intranasally. Lamb 34 developed a 
temperature of 104.4 F. on postexposure 
day 4, lamb 35 had a temperature of 
105.6 F. on day 6, and both lambs were 
off feed on these days. No significant 
changes in their blood pictures were ob- 
served during the three-week period. Pneu- 
monic lesions were not present in either 
lamb at necropsy, and Pasteurella organ- 
isms were not recovered from their lung 
tissues. 

Trial 11—Pasteurella Organisms, Pleu- 
ropneumonia-like Organisms, and Stress.— 
Lambs 27 to 29 were inoculated intratra- 
cheally and intranasally with a combina- 
tion of equal amounts of Past. multocida 
and pPLo. Stress was applied by altering 
the environmental conditions, as in trial 
4. Their body temperatures varied from 
103.8 to 105.2 F. on postexposure days 3 
to 5. They showed signs of anorexia for 
24 to 48 hours. No hematological changes 
were observed in lambs 27 and 29 during 
the experimental period. 

Lamb 28 was weak and unable to stand 
on day 4. Its leukocyte count dropped 
from 8,950 before exposure to 4,500 on 
day 5. Pneumonia was present in both 
apical lobes of the lungs at necropsy. 

When lamb 27 was necropsied, pneu- 
monic lesions were found in only a por- 
tion of the right apical lobe but, in lamb 
29, the apical and ventral portions of the 


diaphragmatic lobes of both lungs and the 
cardiac lobe of the left lung were affected. 
Pasteurella organisms and PPLO were re- 
covered from the affected lung tissues of 
these 3 lambs. 

Trial 12—Virus, Plewropneumonia-like 
Organisms, and Pasteurella Organisms.— 
Lambs 30, 36, 37, and 38 were inoculated 
intratracheally and intranasally with a 
combination of equal quantities of the 
suspension and broth cultures of the three 
agents. Lamb 30 had a temperature of 
105.3 F. on postexposure day 3 and was 
weak and depressed with no desire to eat 
or drink. When it died on day 4, the 
leukocyte count had dropped from 9,000 
to 3,500, and the hemoglobin volume from 
16.1 to 6.5 Gm./100 ml. of blood. Necropsy 
revealed generalized congestion of the 
lymph nodes, but the lungs were normal. 
Of the three agents given, only Pasteurella 
organisms were recovered from the lung 
tissues. 

Lamb 36 had a fever of 107.0 F. on day 
4 and of 106.4 F. on day 5. There were 
signs of dyspnea, anorexia, and weakness 
during these two days. Leukopenia was 
recorded on day 7 (2,800), but the blood 
picture was normal on day 9. Pneumonic 
lesions were found in both apical lobes at 
necropsy. Both prLo and Pasteurella or- 
ganisms were recovered from the affected 
areas of the lung tissues, but the virus was 
not reisolated by mouse inoculation. 

Lamb 37 had a temperature of 105.8 F. 
on days 3 to 5. There were no changes in 
the blood picture during the three-week 
period and no pneumonic lesions were 
found at necropsy. No bacteria or other 
agents were recovered from the lung 
tissues. 

Lamb 38 had a fever (107.0 F.) of 24 
hours’ duration and anorexia, dyspnea, and 
weakness on day 4. The leukocyte count 
dropped from 10,750 at the time of expo- 
sure to 3,350 one week later. Slight pneu- 
monia was present in the right apical lobe 
of the lungs. Pleuropneumonia-like organ- 
isms and Pasteurella organisms, but not 
virus, were recovered from the lung tissues. 

Trial 13—Virus, Pleuropneumonia-like 
Organisms, Pasteurella Organisms, and 
Stress—Lambs 31, 39, 40, and 41 were 
stressed with cortisone acetate, as in trial 
7, and exposed to a combination of three 
agents, as in trial 12. Lamb 31 had a 
temperature of 104.8 F. on postexposure 
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day 4 and leukopenia (2,850) on days 6 
and 7. Pneumonia was confined to the 
apical and cardiac lobes of the lungs. No 
bacteria or other agents were isolated from 
the lung tissues. 


Lamb 39 had a febrile response of 105.8 
to 107.4 F., and showed signs of dyspnea 
nd depression on days 4 to 6. Leuko- 
penia (3,900) was present on days 7 and 
9. The leukocyte count returned to normal 
(9,950) after day 11. Pneumonic lesions 
were found in the apical lobes of the lungs, 
and ppLo and Pasteurella organisms were 
recovered from the affected tissues. Marked 
pneumonia was induced in mice by intra- 
nasal instillation of a 20 per cent suspen- 
sion of the lung tissues treated with strep- 
tomycin (150 y»g./ml.). 

Lamb 40 developed temperatures of 105 
to 106 F., respiratory rales, dyspnea, and 
depression on days 4 and 5. The leuko- 
eyte count dropped to 3,900 on days 7 and 
9, but was normal (8,950) on day 11. 
Pleuropneumonia-like organisms and Pas- 
teurella organisms were recovered from 
pneumonic lesions at necropsy. Intranasal 
instillation of a 20 per cent suspension of 
affected lung tissues, containing 150 ug. 
of streptomycin per milliliter, into mice 
resulted in consolidation of the lungs. 

Lamb 41 was febrile (maximum of 106.8 
F.) from day 3 to 6. Anorexia, dyspnea, 
respiratory rales, and depression were evi- 
dent on days 5 and 6. Leukopenia (2,850) 
of two days’ duration was present one 
week after exposure. Pleuropneumonia- 
like organisms and Pasteurella organisms, 
but no virus, were recovered from the pneu- 
monic tissues found in the apical lobes of 
both lungs. 

Thus, of the 41 lambs exposed to these 
agents, 9 developed clinical signs and le- 
sions of pneumonia. In 3 additional lambs, 
no clinical signs were observed but slight 
pneumonie lesions were found. Of these 
3 lambs, 1 was inoculated with the virus 
alone, 1 with ppLo alone, and 1 with a com- 
bination of virus, PPLO, and Pasteurella 
organisms. The 9 with clinical pneumonia 
were all in the groups given a combination 

of the agents. These included: 1 of 4 
exposed to the virus and stress; all of 
3 exposed to ppLo, Pasteurella organisms, 
and stress; 1 of 4 exposed to virus, PPLO, 
and Pasteurella organisms; and all of 4 
exposed to the three agents with stress. 


DiIscussION 

None of the three agents recovered from 
pneumonic lesions in lambs were able to 
reproduce the disease in lambs when used 
singly. Stress also did not reproduce the 
disease when applied alone. The virus 
failed to affect 5 out of 6 lambs. The 
Ovine PPLO, alone or with stress, did not 
produce pneumonia in 4 of 6 lambs (the 
death of lamb 25 presumably was due to 
a ruptured diaphragm). These results, 
which differed from those obtained with 
caprine and porcine pPLo,”!* could be ex- 
plained on the basis of a difference of 
pathogenicity of the strains of ppLo.)® 
Pasteurella organisms were incapable of 
producing pneumonia. Judging from our 
experimental results and those of several 
others (except Stamp et al.!*), Past. hemo- 
lytica is relatively nonpathogenic for 
lambs. It may be that Stamp et al. were 
dealing with an unusually virulent Pas- 
teurella infection. Stress, either physical 
or biological, failed to produce pneumonie 
lesions in 9 of 11 lambs when applied sep- 
arately or with one agent. However, when 
stress was applied with two or all three 
agents, pneumonia was produced in all of 
7 lambs. A combination of any two agents 
without stress caused a febrile response 
but no pneumonie lesions in 5 of 7 other 
lambs. 

The factors responsible for pneumonic 
lesions of the kind we have encountered 
in lambs probably are of complex nature 
and involve a number of microbial agents. 
Physical or biological changes due to 
weather conditions, nutrition, weaning, 
castration, docking, or housing may be 
involved as stress factors. It is possible 
that the virus or the stress factor pro- 
vide favorable conditions in which other 
agents can produce the disease. This view 
is in agreement with the assumptions of 
others.'” 

SUMMARY 

A total of 41 lambs was exposed to a 
virus, pleuropneumonia-like organisms, 
and Pasteurella organisms recovered from 
pneumonic lesions of lambs. None was 
capable of reproducing pneumonia when 
used singly. 

Pneumonia was not produced by stress 
when applied alone. 

A combination of any two of the three 
infectious agents resulted in a febrile re- 
sponse in 5 of 7 lambs but no pneumonic 
lesions. 
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Combinations of the three microbial 
agents produced pneumonice lesions in 2 of 
4 lambs. 

When stress was applied with a combi- 
nation of two or three agents, all of 7 
lambs developed both clinical signs and 
lesions of pneumonia. 


References 


1 Adler, H. E., Yamamoto, R., and Berg, J.: Strain 
Differences of Pleuropneumonia-like Organisms of Avian 
Origin. Avian Dis., 1, (1957): 19-26. 

2Cordy, D. R., Adler, H. E., and Berg, J.: The Patho- 
genicity for Swine of a Pleuropneumonia-like Organism 
from Goats. Cornell Vet., 48, (1958): 25-30. 

%Cordy, D. R., Adler, H. E., and Yamamoto, R.: A 
Pathogenic Pleuropneumonia-like Organism from Goats. 
Cornell Vet., 45, (1955): 50-58. 

4 Downey, N. E.: A Preliminary Investigation into the 
Etiology of Enzootic Pneumonia in Sheep (Southland 
Pneumonia). New Zealand Vet. J., 5, (1957): 128-133. 

5Greig, A. S.: The Isolation of Pieuropneumonia-like 
Organisms from the Respiratory Tracts of Sheep. Canad. 
J. Comp. Med. & Vet. Sci., 19, (1955) : 265-271. 

®Hamdy, A. H.: Observations on Respiratory Disease 
Agents in Lambs. Dissertation, Ohio State University, 
Columbus, 1958. 


7 Hamdy, A. H., Pounden, W. D., and Ferguson, L. C.: 
Microbial Agents Associated with Pneumonia in Lambs. 
Am. J. Vet. Res., 20, (Jan., 1959): 87-90. 

8 Hamdy, A. H., and Sanger, V. L.: Characteristics of 
a Virus Associated with Lamb Pneumonia. Am. J. Vet. 
Res., 20, (Jan., 1959): 84-86. 

® Jungherr, E. L.: Symposium on Chronic Respiratory 
Diseases of Poultry. IV. The Control of Chronic Res- 
piratory Disease. Am. J. Vet. Res., 19, (April, 1958): 
464-467. 

10 Marsh, H.: The Bacteriology of Progressive Pneu- 
monia of Sheep. J.A.V.M.A., 64, (Dec., 1923): 304-317. 

11 McKercher, D. G.: A Virus Possibly Related to Psit- 
tacosis-Lymphogranuloma Pneumonitis Group Causing a 
Pneumonia in Sheep. Science, 115, (1952): 116—118. 

12 Miller, N. J.: Diseases Incident to the Fattening of 
Lambs. J.A.V.M.A., 96, (Jan., 1940): 24-29. 

13 Montgomerie, R. F., Bosworth, T. J., and Clover, R. 
E.: Enzootic Pneumonia in Sheep. J. Comp. Path. & 
Therap., 51, (1938): 87-107. 

14 Moulton, J. E:, Boidin, A. G., and Rhode, E. A.: A 
Pathogenic Pleuropneumonia-like Organism from a Calf. 
J.A.V.M.A., 129, (Oct. 15, 1956): 364-367. 

15 Salisbury, R. M.: Enzootic Pneumonia of Sheep in 
New Zealand. New Zealand Vet. J., 6, (1957): 124-127. 

16 Stamp, J. T., Wett, J. A. A., and Thomlinson, J. R.: 
Pasteurella Hemolytica Septicemia of Lambs. J. Comp. 
Path. & Therap., 65, (1955): 183-196. 

17 Switzer, W. P.: Studies on Infectious Atrophic Rhi- 
nitis of Swine. II. Intraperitoneal and Intranasal Inocu- 
lation of Growing Pigs with a Filterable Agent Isolated 
from Nasal Mucosa of Swine. Vet. Med., 96, (1953): 
392-394. 


n 
d 
0 
3, 
f 
ran | 
XUM 
¢ 


Characteristics of a Virus Associated with Lamb Pneumonia 


A. H. HAMDY, B.V.Sc., Ph.D., and V. L. SANGER, D.V.M., M.Sc. 


Wooster, Ohio 


SEVERAL INVESTIGATORS have reported that 
a virus might be the initial stimulus in 
pneumonia complexes in lambs.':7?° In a 
previous paper, it was reported that a virus 
was recovered from pneumonic lesions in a 
lamb at slaughter.* This investigation was 
designed to obtain additional information 
on the isolated agent. 


MATERIALS; AND METHODS 


Trypsinized kidney cell cultures were used for 
the cultivation of the virus. The method of prep- 
aration described by Melnick was followed.® 


Kidneys, obtained aseptically from a freshly 
slaughtered lamb, were decapsulated and the cor- 
tices were removed. The tissues were minced in 
a 40-ml. centrifuge tube with scissors and trans- 
ferred to a pinched Erlenmeyer trypsinization flask. 
The tissues were washed three times with Hanks’ 
balanced salt solution." After two, three-hour 
periods of trypsinization with 0.25 per cent trypsin, 
the suspension was poured through a layer of 
sterile gauze to remove tissue fragments. The 
excess trypsin was removed by centrifuging at 
600 r.p.m. for five minutes and repeating this 
procedure after resuspending in Hanks’ balanced 
salt solution. 

Finally, the packed cells were suspended in 150 
volumes of lactalbumin hydrolysate medium and 
bovine serum was added to make a final concen- 
tration of 10 per cent. The pH was adjusted to 
between 7.2 and 7.4, using 3 per cent sodium bi- 
earbonate. The viability and the approximate con- 
centration of the cells were determined by exami- 
nation of smears stained with trypan blue and 
erystal violet. 

Using an automatic pipette, 2 ml. of the kidney 
cell suspension was inoculated into sterile tubes 
containing cover slips. They were placed in sta- 
tionary racks and ineubated at 37C. The tubes 
were examined daily and the medium was changed 
when the pH dropped below 7, as determined by 
the phenol red indieator. After five days’ ineu- 
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bation, the medium was changed to lactalbumin 
hydrolysate medium containing 3 per cent bovine 
serum. One tenth milliliter of a 10 per cent suspen- 
sion of mouse lung, infected with the virus in Difco 
TC medium 199, was added to each tube. Mice 
were inoculated intranasally with the same virus. 
This material was also streaked on blood agar 
plates to check bacterial contamination. Each day, 
the tubes were examined microscopically (x 100) 
to determine if cytopathogenie changes had oc- 
eurred. After three and seven days’ incubation, the 
cover glass cultures were fixed and stained with 
May-Griinwald-Giemsa stain.* 

The range of pathogenicity and properties of 
the virus were also investigated. Embryonating 
chicken eggs, mice, hamsters, guinea pigs, rabbits, 
turkeys, and lambs were used. The ninth egg pas- 
sage was used for measuring the 50 per cent end 
point in ovo.’ The eggs were candled daily and 
the yolk material was examined for elementary 
bodies.° The day of death was recorded and egg 
fiuid was checked for contamination, using blood 
agar plates. 

Three-week-old mice, in groups of 12, were lightly 
anesthetized and 3 drops of a 10 per cent sus- 
pension of the mouse lung was instilled intra- 
nasally. One half the inoculated mice was killed 
after 10 days, while the other half was left to 
determine if and when death occurred. 

Serial passages in mice were continued for 20 
passages. Smears from consolidated mouse lung 
were examined for elementary bodies.® This virus 
was inoculated intracerebrally in mice, using 0.03 
ml. of a 10 per cent suspension of mouse lung. One 
tenth milliliter of a similar suspension was inocu- 
lated intratracheally in 2 guinea pigs. After their 
temperatures were taken daily for a period of ten 
days, they were killed. 

Six hamsters, lightly anesthetized, were instilled 
intranasally with 3 drops of a 10 per cent suspen- 
sion and killed after ten days. One tenth milliliter 
of the same suspension was inoculated intranasally 
in 2 rabbits, 1 of which was killed after ten days 
and 1 at two weeks. 

Turkey poults were inoculated intraperitoneally 
with 0.5 ml. of the same suspension. After five 
weeks, their blood was collected for serological 
studies. 

Four lambs were used for experimental repro- 
duction of pneumonia.* Filterability of this virus 
through various sterilizing filters (Seitz and Selas 
No. 03, 02, 015, and 01) was also included. 


RESULTS 


The virus was successfully propagated in 
tissue culture. This was indicated by the 
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Virus ASSOCIATED WITH LAMB PNEUMONIA 


presence of inclusion bodies in the epithelial 
eells and the ability to reproduce pneumo- 
nia in mice by intranasal instillation of 
the tissue culture preparation. The virus 
did not produce any cytopathogenic effects 
in lamb kidney epithelial cells three or 
seven days after incubation. However, in- 
tracytoplasmic inclusion bodies were dem- 
monstrated seven days after adding the 
virus (fig. 1). No inelusion bodies or other 
changes were observed in the control group 
(fig. 2). Small circumscribed red refractile 
bodies were found in the smears of the 
mouse lung stained by Macchiavello’s 
method.® 

The range of pathogenicity of the virus 
was determined in various laboratory ani- 
mals. Three-week-old mice showed signs of 
sickness, including labored breathing, 
hunched posture, dullness, and depression. 
The mortality was low in the early mouse 
passage but, as the serial passage increased, 
most of the inoculated mice died 12 to 18 
days after exposure. Consolidation of the 
lungs was frequently observed and the en- 
tire lobes were sometimes affected. A few 
mice showed signs similar to those of en- 
cephalitis when 0.03 ml. of the suspension 
was inoculated intracerebrally. 


The guinea pigs had temperatures of 
103.5 to 104.2 F. three days after inocula- 
tion. Evidence of pneumonia was not ob- 
served on necropsy in either. No elementary 
bodies were demonstrated in smears from 
their lung tissues. One rabbit showed a 
few hemorrhagic spots on the lungs when 
killed after ten days. The other rabbit and 
the hamsters showed no abnormalities on 
necropsy. No elementary bodies were dem- 
onstrated in smears from their lungs. 

The chicken embryos died three to nine 
days after yolk sac inoculation. The mortal- 
ity was 100 per cent after the eighth egg 
passage. The 1|.d.59 in eggs was then found 


_to be 10°?-37. The dead embryos were hemor- 


rhagie and the yolk was thin and watery. 
Elementary bodies were also observed in 
smears from the infected yolk sac stained 
by Macchiavello’s method.*® 

Blood samples were taken and the poults 
were killed five weeks after inoculation. No 
lesions were observed. The pooled serums 
were submitted to the Virus and Rickettsia 
Laboratory Section of the Communicable 
Disease Center, Montgomery, Ala. The di- 
rect complement-fixation test gave a titer of 
1:64 for psittacosis. 


Fig. 1—Lamb kidney epithelial cells in tissue cul- 
ture, seven days after addition of the virus, show- 
ing intracytoplasmic inclusion bodies (arrows). 
May-Griinwald-Giemsa stain; x 910. 


The criteria used for determining the 
filterability of the virus were the ability to 
kill the embryonating egg at three to nine 
days and the ability to induce pneumonia 
in mice. It was found that the virus from 
the infected mouse lung was capable of 
passing through Seitz sterilizing pads and 
Selas No. 01, 015, and 02 filters. The virus 
was retained by Selas No. 03 filters at a 
negative pressure of 50 to 60 mm. of 
mereury. 


Fig. 2—Normal lamb kidney epithelial cells after 
12 days in tissue culture. May-Griinwald-Giemsa 
stain; x 873. 
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Discussion 


The virus recovered from a pneumonic 
lung of a lamb was propagated in tissue 
eulture. Although no cytopathogenic 
changes were observed in tissue culture, 
evidence of the viral multiplication was 
supported by the finding of inclusion bodies 
and the production of pneumonia in mice 
by exposing them to the tissue culture 
preparation. 

Serial passage in mice seemed to increase 
the virulence of the virus for mice. At 
the twelfth passage, most of the inoculated 
mice died 12 to 18 days after inoculation. 
The virus was highly virulent for chicken 
embryos. Mortality was regularly produced 
after yolk sae inoculation. Passage of the 
virus through Seitz sterilizing pads and 
Selas No. 02 filters, but not Selas No. 03 
filters, suggests that it is of a relatively large 
size. These findings, as well as the report 
from the Virus and Rickettsia Laboratory, 
indicate that the recovered agent may be 
related to the psittacosis group of viruses. 
This is in general agreement with the re- 
ports of other investigators.?* 1° 


SUMMARY 


1) A virus was recovered from pneu- 
monic lesions in a lamb at slaughter. The 
virus was propagated in ovine kidney tis- 
sue culture cells. No cytopathogenic changes 
were seen, but intracytoplasmic inclusion 
bodies developed by the seventh day. 

2) The virus produced pneumonia in 
mice when instilled intranasally. 
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3) Chicken embryos were susceptible to 
the virus and died within three to nine days. 

4) The virus passed through Seitz steri- 
lizing pads and Selas No. 02 filters, but was 
retained by Selas No. 03 filters. 

5) Antibodies against psittacosis virus 
were demonstrated in turkey serum inocu- 
lated with the virus. 
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Microbial Agents Associated with Pneumonia in 
Slaughtered Lambs 


A. H. HAMDY, B.V.Sc., Ph.D.; W. D. POUNDEN, D.V.M., Ph.D.; 
L. C. FERGUSON, D.V.M., Ph.D. 


Wooster, Ohio 


PULMONARY LESIONS are readily demon- 
strated in many lambs at the time of 
slaughter.1® Of 995 lambs examined, 44 
per cent had various degrees of pneumonic 
involvement.4!_ This report concerns the 
microbial agents recovered from the le- 
sions in slaughtered lambs and the exist- 
ence of Pasteurella species in nursing 
lambs and their dams. 


REVIEW OF LITERATURE 


Many investigators have incriminated Pasteu- 
rella organisms as the causative agent of pneu- 
monia of Newsom and Cross™* de- 
scribed a shipping fever type of pasteurellosis in 
sheep in which pneumonia was the main cause of 
death. Working on the bacteriology of pneumonia 
in slaughtered lambs, Spray ~ frequently isolated 
Pasteurella organisms. Marsh“ considered that 
nearly all pneumonia in sheep was caused by 
Pasteurella infection. Stamp et al.” described an 
acute disease of sheep associated with Pasteurella 
organisms. McGowan et al.,° working with pneu- 
monia in California lambs, recovered Corynebac- 
terium pyogenes in the heart blood of 13 and 
Pasteurella multocida from the lungs of 10 of 50 
lambs. They also isolated micrococci, streptococci, 
and Pseudomonas organisms from affected lungs. 
Dealing with enzootic pneumonia of sheep in New 
Zealand, Salisbury ™ found that Pasteurella-like 
organisms usually were present in pneumonic 
lungs. 

Members of the pleuropneumonia group of 
microorganisms are known to be associated with 
respiratory diseases of various species of animals. 
Greig,” in Canada, reported the first isolation of 
pleuropneumonia-like organisms (PPLO) from the 
respiratory tracts of sheep. Longley” recognized 
a form of pleuropneumonia in goats that was 
caused by PPLO. Cordy et al.* described a highly 
fatal disease in dairy goats caused by PPLO. Ex- 
perimentally infected goats, sheep, and pigs 
showed signs of PPLO infections similar to those 
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in animals with field cases, including arthritis and 
septicemia. 

The absence of bacteria of known etiological 
significance in many pneumonic lungs of sheep 
suggested that a virus might be involved in such 
cases." MecKercher™ reported that a virus, pos- 
sibly related to the psittacosis-lymphogranuloma- 
pheumonitis group, was isolated from pneumonic 
lungs of sheep. Gerloff and Lackman*® reported 
that 16 of 473 sheep, tested during a Q fever 
survey, possessed antibodies against psittacosis- 
lymphogranuloma virus. 


MATERIALS AND METHODS 


Bovine blood agar plates were used for bac- 
teriological examinations. Cotton swabs, moistened 
with sterile buffered saline solution, were used to 
collect specimens from the laryngeal regions of 
the lambs and their dams. Milk from the lactating 
ewes was collected aseptically for cultures. Speci- 
mens of lung tissue were taken aseptically from 
the lungs of lambs at the time of slaughter. Each 
specimen was inoculated on the blood agar plates. 
The plates were incubated at 37C. for 24 hours 
and examined for colonies suggestive of Pasteu- 
rella. Final identification was based on Gram’s 
stain and biochemical reactions. 

Morton’s liquid medium*™ was used for the 
isolation of PPLO. Sterile cotton swabs that had 
been inserted into the nostrils of nursing lambs 
or portions of lung tissues taken from the lambs 
at slaughter were introduced into tubes of this 
medium. After two to seven days’ incubation, a 
loopful from each of the inoculated tubes was 
streaked on PPLO agar plates (Difco) containing 
2 per cent serum fraction. Microscopic examina- 
tions (x 100) of the inoculated plates were made 
after two to seven days. 

Pneumonic lung tissues, obtained at slaughter 
from 8 lambs, were examined for the presence of 
viral agents. The tissues were minced separately 
in tissue grinders to make 10 per cent suspensions, 
using TC medium 199 (Difco). The suspensions 
were centrifuged at 2,000 r.p.m. for ten minutes 
and the supernatant fluids were aspirated. Three 
drops from each of these fluids was instilled intra- 
nasally into lightly anesthetized Swiss mice. The 
inoculated mice were killed after ten days. Serial 
passages were made until the twentieth transfer 
had been accomplished. As a control measure, 
concurrent serial passages were made with normal 
mouse lung tissues, to investigate the possibility 
of an agent being present in the mice used in 
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the serial passages. Impression smears were made 
from the consolidated mouse lungs and stained by 
Macchiavello’s method.” 


RESULTS 


Pasteurella organisms were isolated from 
the throat swabs of 28 of 41 lambs and 23 
of 36 dams (table 1). Pasteurella hemo- 


TABLE i—Isolatien of Pasteurella Organisms 
from Throat Swabs of Lambs and from Throat 
Swabs and Milk Samples of Their Dams 


Isolations of 
Pasteurella from 


_No. examined _ Lamb Dam Dam 
Lambs Dams throat throat milk 
41 36 28 23 2 
Percentage 68.3 63.8 7.1 


lytica was the predominant organism in 25 
lambs and 18 dams. This organism formed 
acid with no gas in lactose, glucose, maltose, 
mannitol, and sucrose. Cultures of Past. 
multocida were isolated from the other 3 
lambs and 5 dams. This agent fermented 
glucose, mannitol, and sucrose with no gas. 
However, it did not ferment lactose and 
maltose and did not produce hemolysis on 
blood agar plates. 

It was noticed that nearly all Pasteurella 
organisms isolated from the lambs were 
morphologically and biochemically similar 
to those from their dams. When the milk 
samples were examined, Past. multocida 


was found in only two of 36 samples. Both 
infections were accompanied by acute mas- 
titis and systemic disturbances, with a 
fever ranging up to 106.2 F. 

Of the 41 lambs examined at slaughter, 
14 showed various degrees of pneumonia. 
Approximately 71 per cent of the pneu- 
monic lambs harbored Pasteurella organ- 
isms in their throats during their early 
lives. 

When lung tissues from 51 lambs with 
pulmonary involvement were examined, in- 
cluding the 14 pneumonic lambs mentioned 
earlier, Past. multocida was recovered from 
15 lambs, Past. hemolytica from 9, strepto- 
cocci in mixed culture with micrococei 
from 7, staphylococci from 3, corynebac- 
teria from 2, and Pseudomonas from 5. 
Pleuropneumonia-like organisms were iso- 
lated from pneumonie lesions of 2 lambs. 
Characteristic PPLO colonies appeared on 
PPLO agar plates after two to three days’ 
incubation (fig. 1). 

A viral agent was recovered from pneu- 
monic lesions in 1 of 8 additional lambs. 
This agent induced pneumonia in 3-week- 
old mice when inoculated by intranasal 
instillation. It killed chicken embryos three 
to nine days after yolk sac inoculations 
and produced inclusion bodies in ovine kid- 
ney tissue culture cells. Additional char- 
acteristics of the viral agent will be de- 
seribed in another report. 


Fig. 1—Colonies of ovine 
PPLO on PPLO agar 
plate after three days’ 
incubation, showing the 
typical dense central zone 
that appeared to grow 
down in the medium and 
a lighter peripheral sur- 
face growth giving the 
appearance of a fried 
egg. Transmitted light; 
x 120. 
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PNEUMONIA IN SLAUGHTERED LAMBS 89 


Discussion 


It is obvious from the results that the 
pulmonary lesions in slaughtered lambs 
are not due to a single agent. Pasteurella 
organisms, PPLO, and a viral agent were 
found in this pneumonia complex in lambs. 

Pasteurella organisms were frequently 
recovered from apparently healthy lambs, 
indicating that they were harboring these 
organisms in their throat regions during 
the nursing period. Since the organisms 
appeared morphologically and _ biochemi- 
eally similar to those recovered from the 
corresponding dams, it may be concluded 
that the lambs acquired the organisms from 
their dams. Pasteurella organisms har- 
bored in a lamb’s throat may in turn pro- 
vide the source of mastitis infection. In 
our work, mastitis was observed in 2 ewes, 
and Past. multocida was isolated from the 
milk samples and throat swabs from both 
the ewes and their lambs. 

Organisms of the pleuropneumonia group 
have been associated with respiratory dis- 
eases in various species of animals and 
birds. This ubiquity of PpLO permits some 
speculation as to whether they are primary 
pathogens or secondary invaders in pneu- 
monia complexes in lambs. The only re- 
port found on the recovery of prLo from 
the respiratory tracts of sheep was that 
made in Canada.® In our study, PPLO were 
isolated from the lung tissues and respira- 
tory tracts of pneumonic lambs. Inocula- 
tion of lambs with pure cultures of this 
ovine pPLO failed to reproduce pneu- 
monia.'! According to Carter and Schro- 
der,* ppLo are probably secondary invaders 
in virus pneumonia in pigs. Therefore, 
some skepticism exists in regard to the 
actual importance of FPLO as a pathogen. 

The virus recovered from these lambs 
produced consolidation in the lungs of mice 
inoculated by intranasal instillation. The 
possibility that this agent plays a role in 
the pneumonia complexes in lambs is fur- 
ther supported by the demonstration of 
elementary bodies both in smears from the 
mouse lungs and in tissue cultures and by 
its ability to kill the developing chicken 
embryos. This finding is in general agree- 
ment with oiner reports.'® °° 


SUMMARY AND CONCLUSIONS 


Pasteurella species were isolated from the 
throats of 68.3 per cent of 41 apparently 
healthy lambs and 63.8 per cent of their 


dams. At slaughter, pneumonic lesions were 
found in 14 of the 41 lambs and 71.4 per 
cent of these had harbored Pasteurella or- 
ganisms in their throats during the nursing 
period. The dams may transmit the organ- 
isms to the lambs, which in turn may pro- 
vide the organisms which produce mastitis 
in their dams. 

Pasteurella organisms, pleuropneumonia- 
like organisms, and a viral agent were 
found to be associated with pneumonice le- 
sions in lambs at the time of slaughter. 
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Maternally Induced Protection of Young Lambs Against the 
Epsilon Toxin of Clostridium Perfringens Using 


Nonactivated Vaccine 


LOUIS DS. SMITH, Ph.D., and TATS MATSUOKA, B.A. 


Bozeman, Montana 


THE PROTECTION of newborn lambs against 
enterotoxemia caused by Clostridium per- 
fringens type D is attained most readily 
by passive immunization. This may be ac- 
complished, in most eases, by the inocula- 
tion of each newborn lamb with antitoxin. 
Under field conditions, this method some- 
times is not practical, and protection of 
the newborn lambs then can be achieved 
only by vaccinating the ewes and allowing 
the colostrum to transfer passive immunity 
to the lambs. 

The immunity of the lamb would be expected 
to be a function of the immunity attained by the 
ewe. Consequently, it would be desirable to use a 
vaccine for the ewes which contained epsilon toxin- 
toxoid rather than epsilon prototoxin-toxoid, for 
the former has been shown to be more antigenic 
by Batty and Glenny* and Smith and Matsuoka.° 
However, not all commercially produced vaccines 
are prepared by trypsin activation. 

Most workers who have investigated the problem 
of passively immunizing lambs by the active im- 
munization of the ewes with nonactivated vaccine 
have given the ewes two injections during preg- 
nancy. It is possible, however, that a satisfactory 
level of immunity could be attained with a sin- 
gle inoculation of nonactivated vaccine. Oxer * con- 
eluded that two inoculations were necessary, but 
the culture he used for the preparation of vaccine 
apparently contained little toxin and had not been 
precipitated with alum or another adjuvant. 
Boughton and Hardy ® found that a single inocula- 
tion of a zine chloride-precipitated vaccine into 
ewes caused an appreciable reduction in the inci- 
dence of enterotoxemia in their lambs. The vac- 
cines that Oxer*® and Boughton and Hardy? used 
were prepared without activation, and presumably 
consisted of prototoxin-toxoid. 

It seemed possible to us that a single 
injection of a vaccine prepared from an 
alum-precipitated culture of high proto- 
toxin content might induce sufficient im- 
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munity in the ewes to give protective levels 
of antitoxin in the lambs. While this was 
being tested, opportunity was taken to de- 
termine the duration of the passive im- 
munity thus induced in the lambs. Other 
workers have demonstrated such passive im- 
munity to last for five to six weeks, but it 
is not known whether it lasts longer. 


MATERIALS AND METHODS 


The animals used in this experiment were 25 
grade Rambouillet and Columbia ewes, 3 years old. 
Some of these animals had been immunized with 
commercial enterotoxemia vaccine as young lambs 
(Smith and Marsh *). All of them had been handled 
together since that time and, presumably, all had 
the same opportunity of acquiring ‘‘natural’’ im- 
munity by field exposure. Blood samples were 
taken from the ewes about one month before lamb- 
ing was due to begin and they then were inoculated 
subcutaneously with 5 ml. of commercial alum- 
precipitated Cl. perfringens type D vaccine (Frin- 
gol*). This vaccine had 180 combining units per 
milliliter of prototoxin-toxoid and was prepared 
from a culture, a sample of which had approxi- 
mately 41,000 mouse lethal doses (m.l.d.) of 
epsilon toxin per milliliter after activation with 
trypsin. The vaccine itself, however, was not 
treated with trypsin before formolization and pre- 
cipitation with alum. 

Blood samples were taken from each ewe on the 
day she lambed, and a sample of colostrum was 
taken. Blood samples were taken from the lambs 
when they were 2 weeks old and at approximately 
two-week intervals thereafter. The serums from 
the ewes, the colostrum, and the serums from the 
first sampling of the lambs were titrated for epsilon 
antitoxin content. The serums from the subsequent 
samplings of the lambs were tested only to see if 
they contained 0.5 American unit per milliliter or 
more. Serums were tested for antitoxin by the 
methods described by Smith and Matsuoka.® The 
results are expressed in American units (1.0 Ameri- 
can unit is equal to approximately 0.1 international 
unit). Titrations were made at approximately two- 
fold differences. In calculating geometric means, 
the titer of each serum was taken as the midpoint 


of the range in which it fell. 


* Fringol is produced by Cutter Laboratories, Inc., 
Berkeley, Calif. 
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TABLE 1—Antitoxin in Serums of Lambs and in Serums and Colostrum of Ewes not Pre- 
viously Immunized 


Ewe serums 


Ewe serums 


Ewe Lamb before after Lamb 
(No.) (No.) inoculation inoculation Colostrum serums 
131 274 0.0 4.0* 15.0 1.0 
63 292 0.0 0.5 4.0 0.5 
293 1.0 
16 296 0.0 4.0 120.0 4.0 
297 7.0 
26 299 8.0 29.0 29.0 15.0 
300 15.0 
35 306 0.0 1.0 1.0 0.2 
106 310 0 4.0 15.0 2.0 
184 315 0.0 1.0 4.0 4.0 
28 316 0.0 2.0 2.0 1.0 
168 317 0.9 2.0 0.5 0.5 
174 825 0.0 29.0 15.0 15.0 
164 338 0.0 15.0 7.0 15.0 
339 4.0 
8 346 1.5 7.0 15.0 7.0 
847 7.0 
4 360 0.0 0.3 4.0 0.5 
361 0.5 
91 366 0.0 15.0 59.0 2.0 
25 425 0.8 15.0 29.0 7.0 
426 15.0 
170 442 0.0 1.0 4.0 7.0 
443 0.5 
Geometric means 4.02 


5.21 


* American units of epsilon antitoxin per milliliter of serum. 


RESULTS AND DISCUSSION 


The antitoxin content of the serum and 
colostrum of ewes given a single injection 
of vaccine one month before lambing is 
shown (table 1) along with the antitoxin 
content of the serums of their lambs. Only 
3 of the 16 ewes had detectable antitoxin 
in their serums before vaccination. They 
responded fairly well to the vaccine, how- 
ever, and the serums of all their lambs con- 
tained antitoxin at 2 weeks of age. The 
geometric mean of the antitoxin titers was 
4.02 units per milliliter. Six of 24 (25%) 
of these lambs had not more than 0.5 unit 
of antitoxin per milliliter of serum, which 
probably is the lowest level that will pro- 
vide protection against enterotoxemia in 
the field. It is lower than is desirable in 


lambs 2 weeks old, for the antitoxin level 
would be expected to drop subsequently, 
leaving some of the lambs insufficiently pro- 
tected during a period of life when the 
incidence of enterotoxemia is high. 
Similar information is given (table 2) 
for ewes which had been vaccinated twice— 
once as young lambs and again one month 
before lambing, at 3 years of age. The se- 
rums of 8 of these 9 ewes had demonstrable 
antitoxin before the prenatal vaccination. 
Apparently, the injection of vaccine given 
to them as young lambs had an appreciable 
effect on their immune status three years 
later. This is particularly surprising be- 
cause 4 of them (No. Z-80, Z-83, Z-126, and 
Z-128) showed no immediate measurable 
responses to the vaccine given to them as 


TABLE 2—Antitoxin in Serums of Lambs and in Serums and Colostrum from Ewes 
Previously Immunized 


Ewe serums 


Ewe serums 


Ewe Lamb before prenatal after prenatal Lamb 
(No.) (No.) inoculation inoculation Colostrum serums 
80 294 0.40* 2.0 15.0 2.0 
128 309 1.50 4.0 59.0 4.0 
123 324 6.00 29.0 240.0 29.0 
107 332 12.00 240.0 940.0 29.0 
83 357 0.40 15.0 59.0 7.0 
139 373 0.00 2.0 7.0 0.5 
62 375 1.50 7.0 120.0 7.0 
376 7.0 

31 422 0.38 15.0 7.0 4.0 
126 449 6.00 59.0 470.0 7.0 
450 4.0 

19.0 102.0 8.16 


Geometric means 


* American units of epsilon antitoxin per milliliter of serum. 
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TABLE 3—Duration of Immunity in Lambs from 
Immunized Ewes 


Age (weeks) Immune* /total Immune (%) 
2-3 24/25 96 
4-5 24/25 96 
6-7 21/25 84 
8-9 15/19 79 
10-11 21/25 84 
12-13 15/18 83 
15-19 10/25 40 


* Lambs with 0.5 American unit or more epsilon anti- 
toxin per milliliter of serum. 


young lambs (Smith and Marsh‘). The 
serum of only 1 of the 11 lambs (9%) be- 
longing to these ewes vaccinated twice 
showed a level of antitoxin as low as 0.5 
American unit, as compared with 25 per 
cent of the lambs from ewes that had been 
given only one prenatal inoculation. 

With a few exceptions, the antitoxin 
levels of the lambs’ serums were the same 
or only slightly lower than the levels of 
the serums of their dams. It is noteworthy, 
however, that lambs from ewes with the 
highest levels of antitoxin had only mod- 
erately more antitoxin than did the other 
lambs. Apparently, the amount of antitoxin 
that can be absorbed through the intestinal 
wall is limited and only a moderate level of 
passive immunity may be attained in this 
way. 

It is apparent from these results that 
double vaccination of the ewes is desirable 
if newborn lambs are to be protected 
against enterotoxemia by a vaccine con- 
taining prototoxin-toxoid. It also is ap- 
parent that both inoculations need not be 
given during pregnancy, but that a con- 
siderable period may elapse between them. 
It seems likely that ewes could be given the 
first inoculation during their first year of 
life and thereafter be given one inoculation 
annually, a month or so before lambing, to 
protect their lambs against enterotoxemia. 

The duration of this passive immunity 
could be followed in only 25 of the 35 lambs 
with which this experiment started, because 
of deaths caused by muscular dystrophy. 
Consequently, the lambs from both groups 


of ewes were considered together for this 
part of the study. From the results of 
antitoxin titrations at the 0.5-unit level 
(table 3), it is evident that the duration of 
this passively acquired immunity is long, 
for 80 per cent of the lamt. showed at 
least minimum protective levels about three 
months after birth. Since the antitoxin 
levels resulting from the inoculation of 
lambs with heterologous antitoxin usually 
drop sharply in three to four weeks, it is 
apparent that passive immunity attained by 
maternal immunization lasts much longer. 
It also must be accepted, however, that an 
occasional ewe may respond poorly and her 
lamb may be insufficiently protected. This 
is the case when twin lambs share the 
colostrum of a single ewe or when one of a 
pair of twins gets almost all of the colos- 
trum. 
SuMMARY 


A single injection of unactivated Clostrid- 
ium perfringens vaccine into pregnant 
ewes provided presumably protective levels 
of antitoxin in 18 of 24 of their lambs. Two 
injections of unactivated vaccine, however, 
produced presumably protective levels in 
10 of 11 of the lambs. The level of anti- 
toxin in the colostrum and in the ewes’ 
serums also was higher in the group given 
two injections, even though three years 
elapsed between the two injections. The 
majority of lambs from actively immunized 
ewes retained presumably protective levels 
of antitoxin for 12 weeks. 
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Septicemic Pasteurellosis in Lambs 


ERNST L. BIBERSTEIN, D.V.M., Ph.D., and 
PETER C. KENNEDY, D.V.M., Ph.D. 


Davis, California 


ALTHOUGH THE EXISTENCE and widespread 
occurrence of Pastewrella hemolytica has 
been known for over a generation,® only re- 
cently has any specific pathogenic activity, 
distinct from that of other members of the 
so-called ‘‘hemorrhagie septicemia’’ group 
of Pasteurella organisms, been assigned to 
that species. The role of this organism as 
a pathogen has, at times, been held in 
doubt.® 

In the last few years, this situation has 
shown signs of change. In shipping fever 
pneumonia of cattle, Past. hemolytica has 
attracted increasing attention,!? while 
three reports from different parts of Eu- 
rope implicate this organism specifically 
in a disease of sheep, for which the time- 
honored designation of ‘‘hemorrhagic sep- 
ticemia’’ appears apt. ‘1% Although this 
disease has been described in this country 
as a clinical and pathological entity, it has 
not been linked with any particular species 
of Pasteurella.® Moreover, ‘‘the available 
information. . . indicates that . . . classi- 
eal hemorrhagic septicemia has been seen 
only rarely and, when observed, there has 
been doubt as to whether Pasteurella was 
the primary etiological agent.’’ * 

In view of the inconclusive and contra- 
dictory status that the disease occupies in 
the American literature, it is appropriate 
to describe our experiences in California 
relating to this condition, which is recog- 
nized with inereasing frequency in the 
sheep raising areas of that state. 

Six instances in which adequate data 
were available came to our attention in 
1957. The histories were strikingly similar. 
The affected animals were feeder lambs in 
a satisfactory nutritional state. All or 
part of the flocks recently had been sub- 
jected to long shipment or shearing, or 
both. The time of highest local incidence, 
from May through September, was proba- 
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bly more a reflection on management prac- 
tices than on seasonal predisposition. The 
mortality ranged from 1 to 2 per cent of 
the flock, but losses up to 5 per cent have 
been known to occur. The total incidence 
is more difficult to determine. The owner 
may state the number found dead and add 
that several times as many have been seen 
sick. Under the prevailing management 
conditions this is probably the best ap- 
proximation obtainable. The signs of ill- 
ness are vague and sometimes absent; the 
deaths of 2 or 3 animals often are the first 
indications of the disease. Descriptions by 
the owners, alerted by such losses, often 
reflect the observer’s prejudices more than 
any objective change in the sheep. There 
are few specific diagnostic signs in the 
acute form. 


BACTERIOLOGY 


In nine of ten sufficiently documented 
outbreaks on record between 1954 and 1957, 
Past. hemolytica was isolated in pure cul- 
ture from the affected organs of lambs 
reaching necropsy. In the one remaining 
instance, available information points to 
Past. multocida, although there is room for 
doubt. The study of Stamp ef al.1! empha- 
sized the great variation in fermentation 
reactions during culturing of this species 
and invalidated many of the previous rigid 
standards. The criteria used by us are 
mainly the action on bovine erythrocytes in 
solid mediums, failure to produce indole, 
growth on MeConkey’s agar, and the usual 
morphological and cultural characteristics 
of this group of Pasteurella organisms. The 
hemolytic activity may vary considerably 
from strain to strain and appears to decline 
on continuous subeulture. In the case of 
some strains, it is necessary to scrape away 
the colony to demonstrate the area of he- 
molysis, which coincides with that previ- 
ously occupied by the colony. This fact, 
along with tie emphasis placed by some 
texts on the fermentation of lactose, may 
account for some cases of Past. hemolytica 
infection having been reported in former 
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years as being due to Pasteurella spp. or 
even Past. multocida. 
PATHOLOGY 

We have recovered Past. hemolytica from 
a variety of lesions in sheep dead from 
diverse causes. In many of these, the patho- 
genic role of the organism has been obscure 
or in doubt. This report is concerned with 
the acute septicemic disease and its experi- 
menta! counterpart. Necropsies were per- 
formed on 13 lambs; 10 had field cases and 
3 had been experimentally infected. 

Gross Findings—Subecutaneous and 
intermuscular hemorrhages frequently were 
present, but often were small. Sometimes, 
subserosal hemorrhages were the striking 
lesion. They were particularly obvious in 
the epicardium, endocardium, and sur- 
rounding the mesenteric lymph nodes and 
the spleen. 

The lungs were heavy and invariably 
failed to collapse completely when the 
thorax was opened. The severity of the 
pulmonary changes was variable but, in 
several, the lungs were slate blue and the 
air passages were filled with froth. Pre- 
sumably as a result of the terminal dyspnea, 
the laryngeal mucosa was reddened and 
edematous. There were numerous dark red 
foci of hemorrhage scattered uniformly 
throughout the lung parenchyma. They 


1—Enlarged, 


were most easily visible through the serosa 
of the diaphragmatic lobes, and were 0.5 
to 1.0 em. in diameter. 

Pale foci of the same size could be seen 
in the liver parenchyma but, like the lung 
lesions, were most obvious when viewed 
through the intact serosa. They were dis- 
tributed uniformly throughout the liver 
and some were surrounded by a red halo. 

Superficial abomasal ulceration fre- 
quently was present, but was thought to be 
a nonspecific change, as was the hyperemia 
seen in the colons of several of the lambs. 

The spleens usually were only slightly 
enlarged, but the lymph nodes regularly 
were swollen and edematous. This lymph 
node enlargement was general but, fre- 
quently, regional nodes showed particular 
involvement, with hemorrhage and lymph 
stasis (fig. 1). The significance of this 
change was appreciated only toward the end 
of this series, so we are unable to comment 
on the pattern of their involvement. We 
have observed that, in both naturally and 
experimentally infected lambs, the nodes of 
a particular area may be selectively affected. 

Microscopic Lesions.—Scattered uni- 
formly throughout all portions of the lung 
were small bacterial colonies, associated 
with relatively minor inflammatory changes. 
Many appeared as reactionless capillary 
thrombi (fig. 2), but narrow zones of necro- 


edematous mesenteric lymph nodes and subserosal hemorrhages in an 


experimentally infected lamb. 
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Fig. 2—Bacterial masses (B) occlude pulmona 


istic lack of reaction. x 267. 
Fig. 3—Bacterial colonization (B) in the liver of a lamb, with secondary portal vein thrombosis. 
x 267. 


sis, hemorrhage, and edema surrounded 
others. Local neutrophilic infiltration ap- 
peared delayed and did not become conflu- 
ent in any lambs in this series. In the most 
severely affected lungs, the process was 
spreading via the septal and subpleural 
lymphatics, where bacteria and thrombosis 
could be seen. The hepatic lesions were simi- 
lar to the lung lesions and always appeared 
to be at the same stage of development. The 
bacterial colonies most frequently were lo- 
cated at the periphery of the lobules (fig. 


Fig. 4—Cervical lymph node in a lamb with a 
natural case of pasteurellosis. The entire subcap- 
sular sinus is filled with bacteria (B) and masses 
of them are extending along lymphatic sinuses 
towards the medulla. x 267. 


3). The distribution within the liver was 
entirely uniform. As in the lung, many 
bacterial colonies had not evoked any in- 
flammatory reaction. If a zone of necrosis 
surrounded the bacteria, it was rarely 
thicker than one hepatic cell layer. Hemor- 
rhage and edema were less obvious than in 
the lung, but the neutrophilic infiltration 
was similar and usually modest. 

Bacterial colonies regularly were seen in 
the adrenal cortex and in the spleen. Cer- 
tain organs showed at least a relative resist- 
ance to colonization. Only one bacterial col- 
ony was found in a kidney and, except for 
the lymph nodes, which deserve special 
mention, sites of bacterial multiplication 
were seen infrequently in other organs. 

Remarkable bacterial multiplication was 
observed in the lymph nodes of 4 lambs. 
In 2 with natural infections, the cervical 
nodes were involved ; in 2 infected by intra- 
venous inoculation, the mesenteric nodes 
were affected. In these nodes, bacteria filled 
the subcapsular sinus and extended toward 
the medullary areas (fig. 4). The numbers 
of bacteria seen in these nodes far exceeded 
those seen in other organs. As in other 
sites, the numbers of organisms contrasted 
sharply with the degree of inflammation. 
All nodes were edematous and congested 
but, in the experimentally infected lamb 
that died after 18 hours, neutrophils were 
rare. This failure of neutrophilic response 
was, at least in part, a reflection on the 
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acuteness of the disease because, both in 
lambs with field cases and in the experi- 
mentally infected lamb which survived for 
36 hours, relatively large numbers of neu- 
trophils were associated with the masses of 
bacteria. 


PATHOGENICITY TRIALS 


Lambs involved in the last outbreak that 
came to our attention in 1957 recently had 
been shipped from Idaho and Montana and 
showed such unusual and severe lesions that 
tularemia also was considered. Pooled sus- 
pensions of liver, lung, and spleen were 
injected in 0.5-ml. amounts into guinea pigs 
and, in addition to the usual mediums, 
hemoglobin-cystine-glucose agar was inocu- 
lated. The only organism recovered on 
mediums was Past. hemolytica, but 2 of the 
4 guinea pigs died within 24 and 48 hours, 
respectively. This development, unexpected 
since all reports but one * agree on the non- 
pathogenicity of Past. hemolytica for 
guinea pigs, suggested further trials. 


MATERIALS AND METHODS 


Guinea pigs were inoculated with bacterial sus- 
pensions or broth cultures by the intraperitoneal, 
intracardial, and intranasal routes. 

Mice and hamsters were given intraperitoneal 
injections. 

Chickens were injected intravenously. 

Infection of lambs was attempted by subcuta- 
neous, intravenous, and intranasal routes. A De- 
Vilbiss atomizer was used to introduce the inocu- 
lum into the nasal passages and pharynx. 

Inoeula used in connection with pathogenicity 
tests were plated out in tryptose agar (Difco). It 
was found that a bacterial suspension of an opti- 
eal density corresponding to the MacFarland neph- 
elometer tube No. 1 contained about 2 X 10® viable 
cells, while a 24-hour broth culture tube contained 
approximately 10° organisms per milliliter. sti- 
mation of dosages was based on these findings. 

The strain used in all tests was the one isolated 
from the outbreak referred to in the preceding 
section. 


RESULTS 

Guinea Pigs.—Pure cultures of the field 
strain were shown to be capable of killing 
guinea pigs of all ages by intraperitoneal 
and intracardial inoculation. Fatal infee- 
tions were induced with dosages of 20 to 
500 million organisms. An occasional guinea 
pig appeared resistant. On one occasion, 
an injected guinea pig aborted 2 fetuses 
from which Past. hemolytica was isolated, 
while showing no other disturbances. Death 


in infected animals occurred usually be- 
tween 18 and 48 hours. Illness often was 
manifested within four to six hours, as 
shown by a ruffied hair coat, reluctance to 
move, and a hunched-up appearance. Oc- 
casionally, body temperatures on the first 
day after infection were as high as 107 F. 
This temperature rise must be a transient 
pheromenon, as it could not be demon- 
strated consistently. The temperature of 
visibly sick animals commonly was normal 
or subnormal. In the latter case, they 
invariably died. 

At necropsy, the guinea pigs given intra- 
peritoneal injections had an unusual fibrin- 
ous peritonitis and a greatly reddened, in- 
jected omentum. The lobes of the liver were 
joined by sheets of fibrin and, when the 
diaphragm was separated from the parietal 
surface of the liver, fibrinous strands were 
seen to connect the two organs (fig. 5). A 
large quantity of a thin, turbid fluid filled 
the peritoneal cavity. When this fluid was 
streaked on a slide and stained with 
Churchman’s stain * or Klieneberger’s mod- 
ification of Giemsa’s stain,® it revealed 
prodigious numbers of distinctly encapsu- 
lated pleomorphic rods, many of which 
showed bipolarity (fig. 6). Few inflam- 
matory cells were present, and the extent of 
phagocytosis was not impressive. Except 
for pulmonary congestion, no thoracic 
lesions were seen. 

Intracardial injections of numbers of or- 
ganisms comparable to those used in intra- 
peritoneal inoculations resulted in death 
in 24 hours. Few gross lesions were 
observed. 

Intranasal instillation of up to 1 ml. of a 
suspension containing an estimated 10° or- 
ganisms was without any noticeable effect. 

Mice.—The doses required to cause death 
in 15- to 25-Gm. mice were about the same 
as those killing 300- to 500-Gm. guinea pigs. 
The course of illness was much the same in 
the two species, except that lesions were 
minimal in mice. Mouse pathogenicity was 
maintained in the test strain for over six 
months, during which time it was cultured 
on blood agar and transferred weekly. 
Intraperitoneal injection sometimes pro- 
duced uneasiness and discomfort in 30 min- 
utes. It was suspected that the disease in 
mice might be purely an intoxication due 
to the cellular components of the organisms 
contained in the inoculum, but identical 
doses of bacteria inactivated by 0.3 per cent 
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Fig. 5—Peritonitis in a guinea pig after intraperi- 
toneal inoculation. Fibrinous strands of exudate 
and bacteria extend between adjacent organs. 


formalin or heating at 56 C. for 30 minutes 
proved completely innocuous for mice. Fil- 
trates of broth cultures also were innocuous. 
It therefore is clear that multiplication of 
the organisms must take place in susceptible 
mice, a fact also suggested by the presence 


Fig. 6—Smear of peritoneal exudate from a guinea 
pig inoculated with 0.5 ml. of broth culture intra- 
peritoneally. Churchman-Emelianoff stain; x 1,300. 


of the bacteria in the heart blood at the 
time of death. 

Young hamsters proved refractory to 
doses lethal for mice and guinea pigs. Six- 
week-old chickens, injected intravenously 
with 5 X 10° organisms, failed to react in 
any observable manner. Rabbits injected by 
the same route also showed no evidence of 
susceptibility. 

The pathogenicity experiments on lambs 
are summarized (table 1). All animals 
given parenteral injections of organisms 
showed reactions varying from a mild ther- 
mal response, which subsided after two or 
three days, to peracute or chronic disease, 
The latter forms, which duplicate the dis- 
ease in the field, were seen only after the 
intravenous injection of large numbers of 
bacteria. Intranasal atomization of bacterial 
suspensions, even when accompanied and 
followed by injections of corticosteroids 
(Cortone*), failed to elicit any effect. 

Bacteriologically, several interesting ob- 
servations were made. One was the appear- 
ance of a variant form of Past. hemolytica 
in cultures from the lung, liver, and spleen 
of 3 lambs with fatal cases. The colonies 
first attracted attention because of their 
apparently stronger hemolytic action on 
beef blood agar plates, as compared to the 
standard type. This impression, however, 
may be due to less depth and greater trans- 
parency of the variant type of colony. Sub- 
sequent studies, to be reported separately, 
revealed additional differences in crystal 
violet uptake, mouse pathogenicity, and 
antigenic constitution. Biochemically, the 
two types appear identical. Although mice 
and guinea pigs apparently are less sus- 
ceptible to fatal infection with the variant, 
both the acute and chronic disease was 
reproduced in lambs by intravenous injec- 
tion of this organism. No reversion to the 
more common type was observed in such 
infections. 

In lambs with arthritis, Past. hemolytica 
could be recovered from aspirated purulent 
joint fluid up to a month after infection. 
One affected lamb (347) which failed to 
improve was killed after ten weeks. At- 
tempts to culture the organism from the 
joints most severely involved were unsuc- 
cessful at this time, despite the use of heavy 
inocula. 

Necropsy findings in lambs dead from 


* Cortone is produced by Merck Sharp and Dohme, 
Rahway, N.J. 
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acute infections were indistinguishable 
from those found in lambs with the sponta- 
neous condition and, therefore, need not be 
described separately. Additional lesions en- 
countered in lambs with the less acute and 
chronic experimental cases included arthri- 
tis, pericarditis, meningitis, and bacterial 
endocarditis involving the tricuspid valve. 
With the exception of the latter, all these 
lesions also have been reported or seen 
by us in field cases of Past. hemolytica 
septicemia. 


DIscussION 


Field observations and transmission ex- 
periments have satisfied us that a disease, 
identical in almost every detail with that 
described by Stamp al.,!' in Scotland, 
and Woxholtt et al.,!* in Norway, does exist 
in this country and is the source of con- 
siderable loss to lam» feeders. It is difficult 
to relate the condition to the various de- 
scriptions of pasteurellosis, shipping fever, 
enzootic pneumonia, and other diseases. 
The pneumonie involvement generally as- 
sociated with pasteurellosis apparently is 
slight in this disease and, when present, is 
of questionable specificity. In this connec- 
tion, it is of special interest that, in 2 
experimental lambs which survived for five 
and 12 days, respectively, no lung lesions 
qualitatively different from those found in 
lambs with acute cases were observed. It is 
possible that the acute pneumonia asso- 


TABLE i—Summary of the Experiments with Pasteurella Infections in Lambs 


ciated with shipping fever may develop 
through an entirely different mechanism. 
Aside from the quoted reports from 
abroad, no published evidence has been 
presented to assign a specific pathogenic 
role to Past. hemolytica as the cause of sep- 
ticemie pasteurellosis in lambs. Newsom,°® 
who described this infection from a clinical 
and gross pathological viewpoint, implied 
that both Past. multocida and Past. hemo- 
lytica have roles of equal prominence in its 
eause. He also suggested that Past. multo- 
cida is the predominant cause of the disease 
in feeder lambs, while Past. hemolytica is 
found more often in breeding flocks and 
nursing lambs. Since neither of these state- 
ments applies to the situation in California 
(or, apparently, in Scotland and Norway), 
perhaps an explanation for this discrepancy 
may be found in the relative abundance of 
the two species in their supposedly natural 
reservoir, 7.e., the upper respiratory tracts 
of healthy sheep. An investigation of this 
sort is underway and thus far has shown 
that nasal swabs from 35 apparently healthy 
sheep yielded 31 strains of Past. hemolytica 
and 11 of Past. multocida. The identifica- 
tion was based on cultural and morpho- 
logical characteristics. This numerical 
relationship may in part explain the pre- 
ponderance of Past. hemolytica as the cause 
of septicemia in this area. It would be 
essential to know whether they occur with 
equal frequency in normal sheep in regions 


Lamb 
(No.) Inoculum Dose Route Results 
507 Broth culture 10 ml. i.v None 
filtrate (Seitz EK) 
527 Slant washings 2x 10° 8.¢ Transient fever 
533 Slant washings 2x 10° i.v Death in 18 hr. 
531 Guinea pig liver 1 Gm. i.v Transient fever 
535 Guinea pig liver 1 Gm. 8.c. Transient fever 
543 Mouse liver 1 Gm. i.v Transient fever 
532 Mouse liver 1 Gm 8.¢ Local inflamma- 
tion, transient 
fever 
Ram Slant washings 2 xX 10° i.v. Death in 18 hr. 
Ewe Lamb liver (533) 1 Gm. i.v. Death in 5 days 
344 Broth culture 5 X 108 i.v. Death in 36 hr. 
345 Broth culture 5 xX 108 i.v. Polyarthritis 
346 Broth culture 5 x 108 i.v. Death in 12 days 
347 Broth culture 5 X 108 i.v. Polyarthritis 
348 Broth culture 5 X 108 i.v. Transient temper- 
ature rise 
349 Broth culture 5 x 108 i.v. Arthritis 
231 Slant washings 10° i.v. Polyarthritis, 
transient fever 
235 Slant washings 10° in. None 
+ cort.* i.m. 
236 Slant washings 10° in. None 
+ cort.* im 


* Cort.= corticosteroids in 20-mg. doses. 
i.v.= intravenous; s.c.— subcutaneous; 


i.n.= intranasal; 


i.m.= intramuscular. 
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where both organisms are equally prevalent 
as pathogens. 

While we, as well as Scottish and Nor- 
wegian investigators, have succeeded in 
duplicating experimentally the clinical and 
pathological features of septicemic pasteur- 
ellosis in lambs, no claim can be made that 
the infectious process has been clarified by 
these demonstrations of pathogenicity. The 
large doses and the parenteral route of 
inoculation, which have been found essen- 
tial for setting up the experimental disease, 
have no close counterpart in nature. It 
generally is postulated, therefore, that a 
certain devitalizing experience is necessary 
to render the tissues receptive to the en- 
trance and multiplication of the parasite. 
The conditions under which the disease is 
encountered lend support to such assump- 
tions. It also has been suggested that there 
may be differences in virulence between 
strains.* Our identification of a variant 
type, first in tissues of experimentally in- 
fected lambs and subsequently from the 
nasal mucus of normal sheep, may have 
some bearing on this point. Although, when 
given in large intravenous doses, this vari- 
ant strain induced the same disease in lambs 
as the standard type isolated originally, it 
was consistently of lower pathogenicity for 
mice and has failed to produce death in 
guinea pigs. Similarly, of six strains re- 
covered from sources other than animals 
with septicemia, only one has proved patho- 
genic for guinea pigs. We subscribe to the 
view, expressed by Florent and Godbille,* 
that the pathogenicity for experimental ani- 
mals is dependent largely on the strain 
used. 

An observation pertinent to the question 
of strain differences concerns the compara- 
tive behavior of the original strain and the 
nasal isolates on subculture. The former, 
now on artificial mediums for eight months, 
has remained smooth and never has been 
found to give rise to dissociants in culture 
during that period, while the strains ob- 
tained from normal sheep have shown 
strong dissociative tendencies. The colonial 
form of most strains originally was inter- 
mediate between the smooth and variant 
types. Only through many serial subinocu- 
lations from single colonies have pure 
smooth and variant lines been gradually 
established from some. 

The strikingly different behavior of the 
one indisputably pathogenic strain from 
the apparently commensal types suggests 


an additional factor in the genesis of sep- 
ticemie pasteurellosis, which we intend to 
explore further. 


SUMMARY 


Pasteurella hemolytica septicemia, as de- 
scribed by Stamp et al.'! in Scotland, exists 
in identical form in California and has been 
reproduced in lambs by the intravenous 
inoculation of , are cultures recovered from 
lambs with field infections. 

The predominant gross lesions were sero- 
sal hemorrhages and congestion and edema 
of the lungs and lymph nodes. Focal lesions 
in the lung appeared to be small areas of 
hemorrhage; in the liver, these areas were 
pale. Microscopically, the presence of dis- 
tinet bacterial colonies in the lungs, liver, 
spleen, and adrenal cortex was a constant 
and characteristic finding. The strikin* 
feature was that no well-developed inflam- 
matory reaction was associated with them, 
even in lambs surviving for more than 36 
hours. 

Experimental lambs surviving beyond the 
first day developed such complications as 
arthritis, pericarditis, and meningitis. No 
pneumonia comparable to the field condi- 
tion associated with shipping fever has been 
seen in experimentally infected lambs. 

The finding of a colonial variant and the 
demonstration of cultural differences be- 
tween a pathogenic strain and isolates from 
normal sheep point to the possibility that 
characteristics of the parasite, as well as 
host factors, are apt to be involved in the 
pathogenesis of septicemic pasteurellosis. 
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Experimental Strongyloidiasis in Sheep and Goats 
I. Single Infections 


JAMES H. TURNER, Ph.D. 
Beltsville, Maryland 


To EVALUATE further the pathogenic poten- 
tialities of Strongyloides papillosus (Wedl, 
1856), the intestinal threadworm of do- 
mestic ruminants, an experiment was con- 
ducted to determine the pathogenicity of 
uncomplicated infections of this parasite 
in lambs and kids. The purpose of this 
paper is to present a more complete ac- 
count of the results of this experiment 
than that reported previously.”° 

Cattle, sheep, goats, and certain wild ruminants 
are the natural hosts of S. papillosus, but rabbits 
and man ean be infected experimentally. How- 
ever, this parasite was not regarded as a danger- 
ous pathogen until recently, primarily because few 
experimental studies have been made of its effects 
on the natural hosts. 

Roberts * observed a debilitating effect of this 
parasite on a naturally infected calf, but Orlov,” 
on the basis of an inconclusive experiment involv- 
ing small numbers of larvae, stated that S. papil- 
losus had little pathogenicity for sheep. Wood- 
house “ experimentally infected 1 lamb and 1 steer, 
and demonstrated the pathogenicity of S. papil- 
losus in domestic ruminants. Recently, Garkavi ° 
reported that 4 of 9 lambs died after experimental 
infection with 200,000 or more S. papillosus larvae. 

So far as the author can ascertain, these re- 
ports ** are the only ones in the literature deal- 
ing with experimental infections of this parasite 
in sheep. No experimental studies on goats have 
been reported except the cross-transmission ex- 
periment of Vegors and Porter.” These authors 
observed no pathogenic effects in any of their 
experimental animals. Vegors™ first investigated 
experimentally the pathogenicity of strongyloidi- 
asis in calves, and reported acute effects resulting 
from uneomplicated infections. 

Clinical signs observed by one or more of these 
investigators included diarrhea, progressive emaci- 
ation, anorexia, cachexia, and polyuria. To the 
author’s knowledge, anemia associated with stron- 
gyloidiasis in any ruminant was first reported by 
himself,” and only onee® afterward. Deaths of 
ealves from experimental infections of S. papil- 
losus were reported by Vegors,” and the death of 
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a ram by Woodhouse.” Reported deaths of rumi- 
nants ascribed to a natural infection of this 
parasite are few; the death of a calf was re- 
ported by Woodhouse,™ and the deaths of 3 lambs 
by Turner and Wilson.” 


EXPERIMENTAL PROCEDURES 


Lambs and kids used in these experiments were 
removed from their mothers at birth. They were 
taken immediately to a parasitologically sterile 
isolation building and placed in clean wire cages. 
Before weaning, the animals were fed a formula 
of milk and vitamins which was supplemented by 
chopped alfalfa hay and mixed grain at 4 weeks 
of age. The animals were weaned when 8 weeks 
old, and the hay and grain ration was fed there- 
after. Infected and control animals were fed the 
same quantity of feed daily. 

All animals were maintained from birth in wire 
eages which were cleaned daily. Various other 
routine precautions were taken to prevent extra- 
neous infection. Sterilized coveralls and overshoes 
were worn while working in the isolation quarters, 
and a foot bath of lye solution was placed inside 
the entrance to the building to disinfect the over- 
shoes. The cages and floor of the building were 
disinfected semiweekly. Therefore, all animals 
used in these experiments were free of helminth 
infections at the time of exposure to S. papillosus. 
However, this method for rearing helminth-free 
lambs and kids was not completely effective in 
preventing infection with coccidia, as approxi- 
mately one third of the animals acquired sub- 
clinical infections of one or more species of 
Eimeria about two to three months after birth. 

Infective larvae were obtained from standard 
chareoal cultures of feces from lambs infected 
previously with S. papillosus. They were collected 
by washing them from the sides of the containers 
on the day the animals were infected, approxi- 
mately five days after preparation of the cultures. 
The larvae were counted by a routine dilution 
technique and separated into doses for adminis- 
tration to individual animals. 

Of the 12 Shropshire lambs and 3 Toggenburg 
kids used in this work, 8 lambs and 2 kids were 
infected with S. papillosus by single cutaneous 
applications of infective larvae (table 1). These 
animals were restrained on their backs, with legs 
spread and tied; the wool was clipped from the 
inguinal regions, and infective larvae in water 
were applied to the skin of the clipped region 
by pipette. The time required for larval penetra- 
tion varied, but usually was less than 45 minutes. 
The animals were returned to their cages when 
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TABLE 1i—Larval Exposures and Number of Adult Strongyloides Papillosus Recovered at 


Necropsy 
Worms recovered 
Age and weight Time of 
when infected No. larvae necropsy Percentage 
Animal ————————— puton skin (days post- Small of larvae 
(No.) (days) (Ib.) (thousands) infection ) Abomasum intestine Total given 
L521 ¢ 57 19.0 25 44 0 2,225 2,225 8.9 
L512 59 20.5 50 56 0 10,000 10,000 20.0 
L522 57 22.0 75 56 0 22,500 22,500 30.0 
L513 * 58 24.0 100 41 20 18,300 18,320 18.3 
L538 * 75 22.5 200 18 350 135,700 136,050 68.0 
L527 * 78 25.0 300 16 0 277,900 277,900 92.0 
L529 * 77 27.5 500 13 340 119,800 120,140 24.0 
L514 * 92 32.0 1,000 13 0 310,600 310,600 31.6 
K284 61 17.0 100 83 0 6,970 6,970 6.9 
K275 * 55 22.0 300 21 0 75,950 75,950 25.1 


* Died of strongyloidiasis; + died of Strongyloides infection complimented by coccidiosis. 


L=lamb; K = kid. 


the water in which the larvae were suspended had 
dried on the skin and larval penetration was essen- 
tially complete. The 4 helminth-free Shropshire 
lambs and 1 Toggenburg kid served as uninfected 
controls. All lambs and kids were given the same 
rations daily. 

Daily observations were made for the appear- 
ance and severity of clinical signs of infection in 
the lambs and kids. Fecal egg counts were made 
daily for the first three weeks after infection and 
semiweekly thereafter. Rectal temperatures of the 
lambs only were ascertained daily at 3:00 p.m. for 
the first 26 days after infection, the period when 
the effects of the infection were most acute. 

Packed erythrocyte volume (hematocrit) and 
hemoglobin determinations were made weekly on 
all animals. Blood samples were drawn by punc- 
turing the jugular vein with a No. 15 needle. The 
blood was collected in 10-ml. vials containing a 
2:3 mixture of potassium and ammonium oxalate 
as the anticoagulant. Blood hemoglobin levels 


were determined by the cyanmethemoglobin method 
described by Turner.” The packed erythrocyte 
volume was determined by centrifugation of ox- 
alated blood in standard Wintrobe tubes at 2,500 
r.p.m. for 90 minates. The infected and control 
groups of animals were weighed weekly in sep- 
arate weighing cages. 

Parasites were recovered from the animals at 
necropsy by the following procedure: Immediately 
after opening the abdomen, the small intestine 
was tied at the pyloric and ileocecal junctions and 
removed. The entire organ was slit longitudinally, 
and the contents washed out. It then was stripped 
through the fingers several times to free all worms 
lodged in the intervillous spaces or in the mucosa, 
and washed again after each stripping. The solid 
material from these washings, including the worms, 
was concentrated by sedimentation and preserved 
in 4 per cent formalin. Total worm counts were 
derived from the average number of worms pres- 
ent in small, duplicate aliquots taken from mate- 
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rial collected from each of the experimentally 
infected animals. The remaining viscera were 
examined for gross lesions, and small pieces of 
affected organs were excised, sectioned, and stained 
by routine methods for histological study. 


RESULTS 


Clinical Findings—Lambs.—Eggs first 
appeared on the ninth day after infection 
(graph 1) in the feces of the lambs exposed 
to single applications of 25,000 to 100,000 
infective larvae. Thereafter, the number 
of eggs in the feces of the infected lambs 
increased rapidly, usually reaching a peak 
of from 40,000 to more than 100,000 eggs 
per gram during the second or third week 
after infection. In lamb 513, there was 
also an abrupt increase in the number of 
eggs two weeks before its death, whereas in 
the 3 surviving lambs exposed to fewer 
than 100,000 larvae, the fecal egg counts 
gradually decreased after a maximum had 
been attained, so that by the sixth or sev- 
enth week after infection they had de- 
creased to less than 500 eggs per gram. 

Eggs also appeared first on the ninth 
day after infection (graph 4A) in the 
feces of the lambs exposed to 200,000 or 
more larvae except in the case of lamb 
514, from which no fecal sample was ob- 
tainable before its death, 13 days after 
infection. The maximum fecal egg counts 
of lambs from both groups were related 
directly to the quantities of larvae used 
to infect the lambs, except those for lambs 
527 and 529. In these 2 lambs, which died 
16 and 13 days after infection, respec- 
tively, the peak of egg production probably 
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had not been attained at the time of death, 
as an upward trend prevailed in the egg 
counts of these lambs until death occurred. 

A decrease in hematocrit and hemoglo- 
bin levels occurred in all the infected 
lambs during the experiment, beginning 
during the first or second week after in- 
fection. The average hematocrit level of 
lambs exposed to 100,000 or less larvae 
(graph 2) decreased from 34.4 to 26.0 per 
cent during the experimental period. The 
greatest decline, 37.0 to 24.0 per cent, oc- 
curred in lamb 522, which was exposed to 
75,000 larvae. The average decline in he- 
moglobin level was 2.6 Gm./100 ml. of 
blood, or from 11.4 to 8.8 Gm.; the greatest 
decrease, from 12.0 to 8.4 Gm., also oe- 
eurred in lamb 522. The hematocrit and 
hemoglobin levels of the control lambs 
were slightly higher at the end of the 
experiment than at the beginning. 

The 4 lambs exposed to 200,000 or more 
larvae died in less than three weeks after 
infection, and their average hematocrit val- 
ues decreased from 33.7 to 24.5 per cent, as 
compared with a slight average decrease 
of 36.0 to 30.0 per cent in the controls 
(graph 4C) ; their average hemoglobin lev- 
els decreased 3.0 Gm., whereas those of the 
controls decreased only 1.8 Gm. The most 
significant hematological change occurred 
in lamb 538, which was infected with 
200,000 larvae. Its hematocrit level de- 
clined from 34.0 to 18.0 per cent, and its 
hemoglobin level from 11.4 to 6.5 Gm. It 
is evident from these data that a slight to 
moderate anemia developed in these in- 
fected lambs. Hematological data for lamb 


Graph 2—Changes in the 
hematocrit levels of lambs 
exposed to single appli- 
cations of 100,000 or 
fewer larvae, as com- 
pared with those of the 
uninfected controls (lar- 
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514 are not included in these averages, 
as no blood was obtained from this lamb 
at necropsy. 

A significant loss of weight occurred in 
only 2 lambs of the 4 infected with 
100,000 or fewer larvae (graph 3). Lamb 
521, given 25,000 larvae, lost 2.0 lb. be- 
tween the third and fourth weeks after 
infection, but gained 4.0 lb. before its 
death, seven weeks after infection. Lamb 
513, given 100,000 larvae, progressively 
lost weight from the second week of the 
experiment until its death, 41 days after 
infection. At this time, the animal weighed 
6.0 lb. less than its original weight of 24.0 
lb. Lambs 512 and 522, given 50,000 and 
75,000 larvae, respectively, gained 14.5 
and 10.0 respectively (av., 12.25 lb.), 
whereas 2 control lambs gained 15.0 and 
19.0 lb., respectively (av., 17.0 lb.), during 
the same period. As early as one week 
after infection, a slight loss in weight 
occurred in lambs 527, 529, and 514, which 
were exposed to 300,000 or more larvae 
(graph 4B). All the lambs infected with 
200,000 or more larvae weighed 2.5 to 6.0 
lb. less at the time of death than at the 
start of the experiment. 

The body temperatures of both infected 
and control lambs remained normal (100- 
104 F.) throughout the experiment. 

Clinical signs common to the acutely 
affected lambs were inappetence, weak- 


ness, lethargy, difficult respiration, ab- 
normal thirst, polyuria, and abnormal 
stools. Polyuria was especially noticeable 


in lambs 527, 513, and 514 about a week 
before death. During this period, the 
water troughs in their isolation pens had 
to be filled several times daily, whereas one 
full trough daily was ample for the con- 
trols. The consistency of the feces of the 
affected lambs several days before death 
varied from formed to fluid. 

Of the 8 infected lambs, the 5 exposed 
to 100,000 or more larvae died within 13 
to 41 days after infection from effects at- 
tributable to strongyloidiasis. The 2 lambs 
given 500,000 and 1,000,000 larvae, re- 
spectively, died on the thirteenth day; 
otherwise, the rapidity with which death 
occurred was directly related to the num- 
ber of larvae applied. Lamb 521, given 
25,000 larvae, also died 44 days after in- 
fection, but strongyloidiasis was not con- 
sidered the primary cause of death. This 
animal acquired a massive coccidial infec- 
tion of Eimeria ninae-kohl-yakimovi, de- 


spite precautions taken to prevent extra- 
neous infections. This infection was first 
diagnosed 28 days after the lamb had been 
exposed to S. papillosus. Lambs 512 and 
522, exposed to 50,000 and 75,000 larvae, 
respectively, survived the infection. 

Clinical Findings—Kids.—The clinical 
effects of strongyloidiasis were similar in 
the lambs and kids. Eggs first appeared 
in the feces of the kids nine days after 
infection, and maximum egg counts of 
more than 100,000 eggs per gram were 
observed early in the third week after 
infection. Kid 275 died 21 days after in- 
fection, at which time 6,120 eggs per 
gram were recorded. Kid 284 survived to 
the end of the experiment, and its fecal 
egg count gradually decreased to 1,980 
eggs per gram by the eighty-second day 
after infection. 

Anemia developed in both of the infected 
kids. During the three weeks after infec- 
tion, the hematocrit level of kid 275 de- 
creased from 31 to 16 per cent, and its 
hemoglobin level from 10.0 to 5.4 Gm./100 
ml. of blood. The anemia probably would 
have become more severe in this kid had 
not death intervened. The hematocrit level 
of kid 284 declined 27 to 8 per cent, and 
its hemoglobin level fell from 9.4 Gm. to 
the minimum level of 3.5 Gm. by the sev- 
enth week after infection. By the eleventh 
week after infection, this kid had made a 
partial recovery from its anemia, at which 
time its hematocrit reading was 21 per 
cent and its hemoglobin level was 7.8 Gm./ 
100 ml. of blood. The hematocrit and hemo- 
globin levels of the control kid were within 
normal limits throughout the experiment. 

Weight gains were subnormal in the in- 
fected kids. Kid 275 gained only 3.0 Ib. 
before its death and was listless and de- 
pressed, but continued to eat. The termi- 
nal gain of kid 284 was only 6.5 lb. It 
had gained weight slowly and attained a 
maximum increase of 8.0 Ib. seven weeks 
after infection, but lost 4.0 lb. during the 
next two weeks, and thereafter gained 
slowly until the experiment ended. The 
control kid gained 19.0 lb. during the 12 
weeks of the experiment, which was 12.5 
more than the surviving kid (kid 284). 

Necropsy Findings—Lambs and Kids.— 
The organs affected and the pathological 
changes involved were similar in all- ani- 
mals dying from strongyloidiasis. The ru- 
mens and abomasa usually were_ partly 
filled with food at necropsy. Ascites and 
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hydrothorax were seen commonly, as well 
as liquid material filling the small intestine 
and, sometimes, the large intestine. The 
cecal contents were semisolid or liquid. A 
typical catarrhal enteritis, accompanied by 
considerable exudate, occurred along the 
length of the small intestine. There was 
marked erosion of the mucosal epithelium 
of the duodenum and, to some extent, of 
the jejunum. Some thickening of the wall, 
inflammation, hyperemia, and edema some- 
times were present in the first few feet of 
the intestine. In histological sections, the 
mucosal epithelium of the duodenum ap- 
peared almost entirely destroyed, often al- 
most to the muscularis mucosa. Leukocytic 
infiltration and edema also were observed. 
Sections of nematodes were seen deep in 
the intestinal glands, but not in the sub- 
mucosa. 

Lung lesions were found only in lamb 
514, which died only 13 days after infec- 
tion. There was congestion in the anterior 
portion of the diaphragmatic lobes, and 
some emphysema in the basal lobe of the 
right lung. A pneumonitis also was pres- 
ent, probably secondary to the mechanical 
irritation and damage caused by the mi- 
grating larvae. Histological preparations 
of the lung tissue showed massive hemor- 
rhage with serous exudate and extravasated 
blood within the tissue and alveoli. Ap- 
parently, any damage to the lungs caused 
by prior migration of larvae through them 
had been repaired in the majority of ani- 
mals by the time they died. 


WEEKS AFTER INFECTION 


The abdomen of lamb 521, whose death 
was complicated by concurrent coccidiosis, 
was greatly distended with gas, and a mod- 
erate amount of fluid was found in the 
pleural cavity. The rumen and abomasum 
were half filled with food and extremely 
swollen. There was little chyme in the 
small intestine. Since no inflamed areas 
or coccidial lesions were found in the small 
intestine, the cause of death is obscure. 

Massive infections were present in the 
lambs dying from the effects of acute stron- 
gyloidiasis 13 to 18 days after infection 
(table 1). Lamb 513, which died 41 days 
after infection, had fewer parasites at 
death than lambs dying of uncomplicated 
strongyloidiasis. All the worms were re- 
eovered from the small intestines of 5 
lambs at necropsy but small numbers were 
recovered from the abomasal contents of 
3 lambs, in addition to large numbers from 
the small intestines. 


The concentration of worms varied in 
different parts of the small intestine. This 
was determined by counting the number of 
worms found in different sections of the 
small intestine of lamb 527. The total worm 
count from this animal was 277,900. Of 
these worms, 89.5 per cent were located in 
the first 8 feet. The numbers recovered 
from the sections 0 to 2, 2 to 4, and 4 to 8 
feet from the pylorus were 51,400, 92,950, 
and 104,350, respectively. The remaining 
worms were found in decreasing numbers 
in the next 17 feet of the small intestine. 
The numbers of worms recovered from the 
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sections 8 to 10, 10 to 15, and 15 to 25 feet 
from the pylorus were 17,700, 9,650, and 
1,850, respectively. No worms were found 
in the remainder of the small intestine or 
in the large gut. 

The proximal portion of the small in- 
testine, therefore, appears to be the normal 
habitat of this parasite, at least in the 
early period of infection. The gross and 
histopathological changes in these infec- 
tions confirmed the parasite’s affinity for 
the anterior portions of the small intestine, 
as the damage was most severe in the first 
few feet of the small intestine. 

The necropsy findings in the kid dying 
from strongyloidiasis were similar to those 
in the lambs. At necropsy of kid 275, much 
fluid was fcund in the abdominal and pleu- 
ral cavities. The ventral borders of the 
lungs showed a condition suggestive of 
pneumonitis. The small intestine showed a 
typical catarrhal enteritis. It was inflamed 
in the upper portions, and its contents were 
liquid. About 25 per cent of the total 
larval dosage (75,950 worms) was recov- 
ered from the small intestine (table 1). 

Kid 284 had partially recovered from the 
acute phase of its infection but, when it 
was killed 83 days after infection, it was 
emaciated. The blood was watery, but 
ascites was absent; the viscera and the 
intestinal contents otherwise appeared nor- 
mal. Worms recovered from the small in- 
testine totaled 6,970, or approximately 7 
per cent of the original larval dosage. 


DISCUSSION 


Biology—No difficulties were encoun- 
tered in producing experimental infections 
of S. papillosus in the parasite-free lambs 
and kids by cutaneous application of lar- 
vae. The prepatent period of the parasite 
in these animals was nine days, which is in 
agreement with the work of Vegors ?? with 
ealves and that of Garkavi® with lambs, 
on the same parasite. 

Nonfatal infections of S. papillosus in 
lambs and kids usually ran their course in 
seven to eight weeks, although minor resid- 
ual infections were retained for a longer 
period. Infected donor lambs maintained 
patent infections at variable, moderate to 
low, levels for as long as nine months, 
when moderately effective precautions were 
taken to prevent reinfection. Vegors 7? did 
not determine the maximum period of pa- 
tency of S. papillosus in experimentally 


infected calves, but he did observe a five- 
month patency in 1 calf. The determina- 
tion of maximum patency of Strongyloides 
is difficult, because extraneous infections 
may be acquired easily. However, in the 
case of 8. papillosus in domestic ruminants, 
a small percentage of the parasites appar- 
ently can live for several months in these 
hosts, although the majority probably have 
a much shorter parasitic life. 

The maximum or peak egg production 
of populations of 8. papillosus occurred in 
lambs and kids about 15 to 18 days after 
infection, or early in the patent period. 
Vegors 7? reported that peak egg produc- 
tion occurred from 13 to 25 days after 
infection in calves. Therefore, 8. papillosus 
apparently reaches maximum egg produc- 
tivity at about the same time after infec- 
tion in all three species of domestic rumi- 
nants. During patency, there was much 
fluctuation from day to day and week to 
week in the elimination of eggs in the feces. 

No parasitic males of this parasite were 
found in any of the lambs and kids. This 
confirms the observations of most workers 
on Strongyloides spp. except those of 
Kreis }* and Faust,* who reported parasitic 
males of S. stercoralis in dogs. 

Pathogenicity—It was significant that 
all the lambs and kids infected by large 
single exposures of 8S. papillosus larvae 
showed evidence of clinical and pathologi- 
eal effects. This definitely disproved the 
belief of Orlov '* that this parasite is not 
a pathogen of sheep. The common elini- 
cal signs observed in the infected animals 
were anorexia, loss or retardation of 
weight, slight to moderate anemia, lassi- 
tude, difficult respiration, abnormal stools, 
and polyuria. The polyuria that developed 
in animals heavily infected with S. papil- 
losus was accompanied by increased water 
consumption and by a strong odor of am- 
monia in the excessively wet cages. Poly- 
uria also was reported to occur in human 
beings * infected with S. stercoralis and in 
calves infected with S. papillosus. 
The animals that developed polyuria were 
anemic, and ascites, hydrothorax, and other 
manifestations of edema were present at 
necropsy. It is probable that the lambs 
drank-more water to compensate for the 
edema, which increased the output of urine. 
The observations on polyuria in Strongy- 
loides infections were wholly qualitative, 
and further quantitative studies on this 
clinical condition are indicated. 


P| 
| 


108 


JAMES H. 


Am. J. Vet. Res. 


TURNER JANUARY, 1959 


Of the 7 animals given single doses of 
100,000 or more larvae, 6 died. Wood- 
house ** also reported a fatal case of stron- 
gyloidiasis in sheep and, later, Garkavi ® re- 
ported several fatalities in lambs. Vegors?? 
reported the deaths of young calves after 
infection was established with a single dose 
of 200,000 larvae of 8S. papillosus, whereas 
4-month-old calves died after exposure to 
1,000,000 or more larvae. Deaths of goats 
attributable to strongyloidiasis have not 
been reported in the literature. Oldham 
and Morgan !* observed a herd of 80 goats 
for seven years and did not recover S. papil- 
losus from any of the animals dying during 
that time. Nevertheless, the writer has 
demonstrated that lambs and kids appar- 
ently were equally susceptible to this para- 
site under certain experimental conditions. 
The clinical signs and pathological changes 
associated with strongyloidiasis were simi- 
lar in both host species. 

The normal habitat of adult S. papillosus 
was the proximal portion of the small in- 
testine, and the most severe pathological 
changes occurred in the duodenum and the 
proximal portion of the jejunum of lambs 
and kids dying of strongyloidiasis. In ani- 


mals with fatal cases, the intestinal mucosa 
was severely eroded and, in some, only the 
muscularis mucosa remained. Edema and 
leukocytic infiltration also were present. 
Larvae and adults were found to penetrate 
only to the muscularis mucosa, which ap- 
parently acted as a barrier. This agreed 
with the finding of Enigk® that larvae of 
S. ransomi did not burrow into the sub- 
mucosa of the pig’s intestine. 

The profound pathological changes in 
the epithelium of the upper portion of the 
intestine adversely affected intestinal func- 
tion. The impairment of digestion, absorp- 
tion, and assimilation of nutrient materials 
was indicated by the abnormal fluid ¢a- 
tarrhal exudate which usually filled the in- 
testinal tract of severely affected animals 
instead of normal chyme. Although the 
rumens of some animals contained some 
food material, they apparently were in a 
state of starvation as indicated by their 
loss of weight and anemia. 

Only two investigators have reported 


anemia or hemorrhages, or both, directly - 


attributable to infections of 8. papillosus 
in ruminants, although they often have 
been reported for human beings 13:19 16 
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WEEKS AFTER INFECTION 


Graph 4—(A) Numbers of Strongyloides papillosus eggs per gram of feces of lambs exposed 
to single applications of more than 100,000 larvae (larvae in thousands). Fecal samples were 
not obtained from lamb 514. (B) Changes in the weights of lambs exposed to more than 
100,000 larvae as compared with the change in the average weights of the uninfected controls 
(larvae in thousands). (C) Changes in the hematocrit levels of lambs exposed to more than 


100,000 larvae as compared with those occurring in the uninfected controls (larvae in thousands). 
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and dogs*:® infected with S. stercoralis, and 
for pigs 11-17-18 infected with S. ransomi. 
A possible cause of this anemia was the 
interference by the parasites with absorp- 
tion of the minerals, vitamins, and other 
nutrients essential for normal hematopoi- 
esis. This was suggested by Frickers,’ who 
believed that enteritis in pigs caused by 
8S. ransomi reduced the food intake and 
impaired absorption to the extent that 
hemoglobin synthesis was inhibited. 

Damage to the lungs of infected animals 
apparently was limited to the early stages 
of infection, as lambs or kids necropsied 
13 or more days after infection, with 1 
exception, did not show abnormalities in 
these organs. The pathological changes in 
the lungs resulting from the effects of mi- 
grating larvae of S. papillosus will be dis- 
cussed in a subsequent paper. 

The author obtained no direct evidence 
that S. papillosus, during any phase of its 
parasitic cycle in lambs and kids, aided in 
the establishment of bacterial infections, as 
has been suggested. Daily body tempera- 
tures of the lambs were normal throughout 
the period of observation, so it appears that 
pyrogenic viral or bacterial infections did 
not develop in these animals. 


SUMMARY 


A total of 12 lambs and 3 kids were used 
in these studies. Eight lambs were exposed 
to single, cutaneous applications of 25,000 
to 1,000,000 infective larvae of 8S. papil- 
losus. Two kids were exposed to 100,000 
and 300,000 larvae, respectively. Four 
lambs and 1 kid served as uninfected 
controls. 

The observed signs of experimental, 
clinical strongyloidiasis were anorexia, loss 
or retardation in weight, slight to moderate 
anemia, lassitude, difficult respiration, ab- 
normal stools, and polyuria. The 5 lambs 
exposed to 100,000 or more larvae died 
from 13 to 41 days after infection; the 
rapidity with which death occurred usu- 
ally was directly related to the number of 
larvae to which the lambs were exposed. 
The kids apparently were as susceptible as 
lambs to experimental infections of this 
parasite; 1 of 2 infected kids died from 
the disease. 

The prepatent period of the parasite in 
these animals was about nine days. The 
peak of egg production occurred 15 to 18 


days after infection. Nonfatal infections 
usually ran their course in seven to eight 
weeks. Only parasitic females were found 
in the animals at necropsy. 

Tissue damage in the animals dying 
from strongyloidiasis usually was confined 
to the duodenum and jejunum. A fluid, 
catarrhal exudate usually was found in the 
intestinal tracts, accompanied by severe 
enteritis. A tissue reaction involving leu- 
kocytic infiltration and edema also was 
present. Terminal lung lesions (pneumo- 
nitis and emphysema) were found in only 
1 of these lambs with an essentially patent 
infection. 
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Influence of Temperature on the Growth of Newcastle Disease 
Virus in Chorioallantoic Membranes Suspended in 
Tyrode’s Solution 


F, ZUSCHEK, Ph.D.; R. P. HANSON, Ph.D.; C. A. BRANDLY, D.V.M. 


Madison, Wisconsin 


Most RECENT STUDIES with Newcastle dis- 
ease virus (NPV) in tissue cultures or in 
embryonating eggs employ an incubation 
temperature of 37.0 C. The chicken, which 
is a normal host for nov, has a body tem- 
perature of 40.0 to 41.6 C. Since there is no 
reason to believe, a priori, that 37.0C. is 
optimum for the growth of Npv in tissue 
cultures, this work was designed to study 
the kinetics of the development of infective 
and hemagglutinating particles of Npv at 
different temperatures. 


MATERIALS AND METHODS 


Virus.—With a few exceptions, when GB and 
Bl strains of Nvp were used, the Roakin-NJ-1946 
strain was used for the investigation of the effect 
of temperature on growth. The virus cultures were 
obtained from the repository for strains of NDV at 
the University of Wisconsin. 

Eggs.—Fertile eggs from healthy White Leghorn 
chickens, free of pullorum disease, Neweastle dis- 
ease, and infectious bronchitis, were used as tissues 
for growing and titrating the virus. 

Virus Titrations.—Virus titers were based upon 
the lethality of the virus for 10- to 11-day em- 
bryonating chicken eggs. One tenth milliliter of a 
tenfold virus dilution, made in nutrient broth, was 
inoculated into the allantoic chamber of each of 
five eggs. The infected eggs were incubated at 
37C. and eandled twice daily for seven days. 
Fluids from eggs showing questionable embryo 
deaths were tested for bacterial contamination and 
for the presence of hemagglutinins. Hemaggluti- 
nin titrations followed the method of Salk.“ The 
50 per cent embryo lethal dose (e.1.d.s.) was cal- 
culated by the method of Reed and Muench,” 

Virus Cultures at Different Temperatures.—The 


From the Department of Veterinary Science, Univer- 
sity of Wisconsin, Madison. Dr. Zuschek is now with the 
Merck Sharp and Dohme Research Laboratories, West 
Point, Pa., and Dr. Brandly is dean, College of Veteri- 
nary Medicine, University of Illinois, Urbana. 

Published with the approval of the director of the Wis- 
consin Agricultural Experiment Station as paper NS 248. 

Based in part on a thesis submitted by the senior au- 
thor to the Graduate School of the University of Wiscon- 
sin in partial fulfillment of the requirements for the Ph.D. 
degree. 

These studies were supported, in part, by funds from 
the Surgeon General's Office and by a grant from the re- 
search committee of the Graduate School wita funds from 
the Wisconsin Alumni Research Foundation. 


method of culturing NDV in isolated, respiring 
chorioallantoic membranes (CAM) suspended in 
Tyrode’s solution has been described by Scott 
et al.” and Zuschek et al.” Essentially, the method 
involves the aseptic removal of a cam from a 10- 
or 1l-day embryonating egg, then washing and 
suspending the membrane in 19 ml. of Tyrode’s 
solution. Each membrane culture (tissue culture) 
was infected with 1 ml. of Npv containing 10** 
e.l.d.soe A minimal amount of virus was used ini- 
tially to infect the cam, so that the amount of 
residual virus in the solutions would be negligible. 
Culture fluid samples were removed at specified 
intervals and stored at —20C. until virus titra- 
tions could be made. Only the amount of extra- 
cellular infective virus produced by the CAM was 
determined. 

The different temperatures of incubation used 
in this work were 45, 42, 37, 33, and 25C. The 
saline solution used for washing the CAM, as well 
as the Tyrode’s solution, was incubated at each of 
the indicated temperatures for at least five hours 
prior to the addition of the CAM and the virus. 
Triplicate CAM cultures infected with NDV were 
incubated at each temperature. 

The influence of temperature on hemagglutinin 
production in embryonating eggs was studied ac- 
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Graph 1—Growth of Newcastle disease virus 

(Roakin-NJ-1946) in chorioallantoic membranes 

suspended in Tyrode’s solution and incubated at 
37 C. 
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cording to the following scheme. Twenty embryo- 
nating eggs, incubated at 37 C. for nine days, were 
placed in each of the following temperatures: 42, 
37, 35, and 33 C., for 24 hours prior to inoculation 
with Npv. Virus was inoculated into ten eggs at 
each temperature, while the remaining eggs were 
inoculated with broth and served as controls. The 
virus used represented the product of culture in 
CAM at an incubation temperature corresponding to 
the ineubation temperatures of the eggs. Both 
infected and control eggs were returned to their 
selected temperatures. The infected embryonating 
eggs that succumbed were chilled for 24 hours at 
5 C. and 3 to 5 ml. of the extraembryonic fluid was 
harvested. The fluids were tested for bacterial 
contaminants and, if free, composites were titrated 
for virus infectivity and for hemagglutinin activity. 


RESULTS 


A typical growth curve of Npv (Roakin) 
in CAM, suspended in Tyrode’s solution at 
37 C., is shown (graph 1). The virus was 
in a log phase of growth after 12 hours. The 
growth of the virus reached a maximum sta- 
tionary phase in 36 to 48 hours. These 
curves probably represent accumulative cy- 
cles of infection and liberation of infective 
virus at any given time, or leakage of virus 
and, consequently, accumulation. However, 
these accumulative cycles show a striking 
resemblance to typical growth curves of 
bacteria and will be deseribed in those 
terms. 

Growth of the Roakin strain was not ob- 
tained in cAm suspended in Tyrode’s solu- 
tion and incubated at a temperature of 
25.0 C. or below; nor was there growth at 
45.0 C. Growth of this virus was limited to 
a temperature range of 33.0 to 42.0 C. (table 
1). The maximum rate of viral growth oc- 
curred in CAM tissue cultures incubated at 
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Graph 2—Growth of Newcastle disease virus 

(Roakin-NJ-1946) in chorioallantoic membranes 

suspended in Tyrode’s solution and incubated at 
various temperatures for 36 hours. 


TABLE i—Growth of Newcastle Disease Virus 

(Roakin-NJ-1946) in Chorioallantoic Membranes 

Suspended in Tyrode’s Solution and Incubated at 
Various Temperatures 


Log of e.l.d.so/ml. after indicated hours 


(C.) 0 12 24 36 48 
45 1.2 NG* NG NG NG 
42 1.2 1.8 4.5 6.5 6.8 
37 1.2 1.5 4.3 5.5 6.8 
35 1.2 1.2 2.5 5.0 6.5 
33 1.2 0.2 2.4 4.4 6.4 
25 1.2 NG NG NG NG 
* NG = no virus growth obtained. 


42.0 C. and decreased with a corresponding 
decrease in temperature. The growth of the 
virus apparently approached a maximum 
level at each of the temperatures in about 
48 hours. These results are similar to those 
obtained in embryonating eggs by Bang,}! 
who found that Nov grew well at tempera- 
tures of 35.0 to 41.0 C., with the maximum 
rate occurring at about 40.0C. The fazi 
that the maximum growth rate of the virus 
occurred in tissue cultures at 42.0 C. is not 
surprising, since this virus can reproduce 
in chickens whose body temperatures are 
about 41.6 C. 

A log-linear response is found if the 
amount of accumulative infective virus 
after 36 hours in cam suspended in Tyrode’s 
solution is plotted against the temperatures 
of incubation (graph 2). 

Hemagglutinin activity was not obtained 
from 48 hours’ growth of the virus in any 
of the tissue cultures incubated at all the 
temperatures. This was strange, since in- 
fective virus yields from the cam closely 
approached viral levels from growth in em- 
bryonating eggs. The possibility of a hemag- 
glutinin inhibitor was considered. However, 
the use of dialysis or various solvents, or 
both, failed to increase the hemagglutinin 
titers of negative samples above a 1:5 dilu- 
tion. These findings differ with those of 
Scott et al.,18 who obtained positive hemag- 
glutinin activity in titers of over 2 logs 
with the Roakin strain of Npv in CAM sus- 
pended in Tyrode’s solution and incubated 
at 37 C. for 48 hours. Lederberg ® reports 
that Burnet considers the soluble buffers of 
Tyrode’s solution to be incapable of provid- 
ing an adequate buffer system for hemag- 
glutinin production. 

Although hemagglutinin activity of the 
Roakin strain was not obtained from growth 
in tissue cultures, this was not true when 
the virus was cultured in embryonating 
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eggs incubated at different temperatures. 
The maximum hemagglutinin titer was ob- 
tained from infected eggs which had been 
incubated at 42 C.; the minimum titer was 
obtained from infected eggs at 33 C. 

A log-linear response is obtained when 
the logs of the hemagglutinin titers are 
plotted against the temperatures of incuba- 
tion of the infected eggs (graph 3). How- 
ever, the e.l.d.59 of fluids obtained from 
these eggs after death of the embryos 
showed no significant differences. This is 
not in disagreement with the results ob- 
tained from the growth of the virus in tis- 
sue cultures, since the virus grew in the 
eggs for three or more days. This was prob- 
ably time enough for the Npv to reach its 
maximum titer, irrespective of the tempera- 
ture of incubation. Had the growth rates 
of the virus in eggs at different tempera- 
tures been followed, a pattern similar to 
that obtained in the tissue cultures might 
have been found. It had been noticed, how- 
ever, that embryonating eggs infected with 
virus and incubated at 42 C. died 12 to 18 
hours sooner than infected eggs incubated 
at 33. C. There was a progressive decrease 
in the embryo death times as the tempera- 
tures of incubation rose from 33 to 42C. 
None of the embryos in the control eggs, at 
any of the temperatures used, died during 
the periods of observation. 

Further studies were made to determine 
if differences in the growth patterns of three 
strains of Nov (GB, highly pathogenic for 
chickens of any age; Roakin, moderately 
pathogenic for young chickens; and B1, 
almost apathogenie for chicks) could be ob- 
tained in tissue culture. Experiments were 
also designed to determine whether these 
three strains would grow at different rates 
at different incubation temperatures. 

No significant differences in the growth 
patterns of GB, Roakin, and B1 strains of 
NDV were obtained in cam tissue cultures 
incubated at 37C. (graph 4). All three 
strains had a latent period of about six to 
eight hours and were in their log phase of 
growth up to about 36 to 48 hours. The 
growth rates did not differ from one another 
when the tissue cultures in which the 
viruses were growing were incubated at 
different temperatures (graph 5). A log- 
linear response of growth of these three 
strains at different temperatures (graph 5) 
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Graph 3—Hemagglutinin production in embryo- 

nating eggs infected with Newcastle disease virus 

(Roakin-NJ-1946) and incubated at various tem- 
peratures. 


is almost identical to that obtained with the 
Roakin strain alone (graph 2). 

The three strains of nov (GB, Roakin, 
and B1) differ from one another in many 
respects, especially in their lethality for 
chicks, as reported by Hanson.® However, 
their growth rates and patterns in CAM 
were similar. Differences between the three 
strains may be due to variability in their 
tissue tropisms or to differences in their 
responses to the host’s defense. Differences 
were not obtained between these strains, 
possibly because only one type of tissue was 
used and only infectious virus production 
was being measured. 
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Graph 4—Growth patterns of three strains of New- 
castle disease virus (Roakin, Bi, and GB) in 
chorioallantoic membranes suspended in Tyrode’s 
solution and incubated at 37 C. 
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DIscussION 


In most biological systems, the rate of 
growth changes with a change in the tem- 
perature of incubation. The temperature of 
incubation is usually classified as minimum, 
optimum, and maximum in relation to 
growth. Theoretically, the rate of growth 
differs at each temperature; however, the 
amount of virus ultimately produced may 
be the same. This was true in this work, 
since Npv (Roakin) grew fastest at 42 C. 
and slowest at 33°C. However, the titers 
reached were approximately the same, re- 
gardless of the temperatures of incubation. 

The increases in the rate of multiplication 
at higher temperatures may not be due to 
something inherent in the virus, but might 
be caused by an increase in metabolic activ- 
ity of the host cells (cells of cam). 

Hershey and Bronfenbrenner,® and 
Northrop 7° have shown that the metabolism 
and the growth rates of bacteria have a 
dramatic influence on the amount of bac- 
teriophage produced per cell. This modifica- 
tion in yield also has been demonstrated 
with animal viruses. Fox? found that 
higher yields of yellow fever virus were 
obtained from actively proliferating tissue, 
such as muscle, than from slow growing tis- 
sue, such as brain. Scherer '* found that 
herpes simplex virus grew better in pro- 
liferating tissue than in maintenance tissue 
cultures. Plotz and Reagan !” asserted that 
proliferating cells of the chicken embryo 
were essential for the growth of rabies virus. 
Hare and Morgan ‘ have shown that chicken 
embryo fibroblast cells, cultivated in a nu- 
tritionally deficient medium, lose their abil- 
ity to support the growth of psittacosis 
virus. All the examples given’ referred to 
differences in virus yields between prolif- 
erating and nonproliferating cells, which 
may only depend on the larger number of 
virus-producing cells in the proliferating 
cell system. In our studies, the cam cells 
did not proliferate, regardless of the tem- 
perature, and the difference was only in 
the metabolic rate. 

Temperature is an important factor in 
virus growth; its effects on the virus growth 
vary considerably with the virus-host sys- 
tem studied. Most studies of the influence of 
temperatures on virus growth have not been 
made by studying the growth rates, but by 
determining the quantity of virus produced 
after a period of incubation at a given 
temperature. Greiff and Pinkerton * found 
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Graph 5—Growth rates of three strains of New- 

castle disease virus (Roakin, Bi, and GB) in 

chorioallantoic membranes suspended in Tyrode’s 


‘solution and incubated at different temperatures 


for 36 hours. 


that the highest titer of influenza virus was 
obtained at 37C., while the lowest titer 
was obtained at 40 C. Pearson ™ found that 
the virus of mouse encephalomyelitis, grown 
in tissue cultures, produced equivalent ti- 
ters at 31 to 37C., but that the titers did 
not exceed 10? at 25 and 38 C., indicating a 
narrow range of temperatures in which this 
virus could grow. 

Most viruses are grown in tissue cultures 
at 37 C., although their optimum tempera- 
ture for growth may be slightly above or 
below this. Sanders’ and Sanders and 
Alexander '* found that higher titers of 
the viruses of lymphogranuloma venereum, 
equine encephalomyelitis, and epidemic ker- 
atoconjunctivitis could be obtained at room 
temperature, rather than at 37 C. 

Temperature not only modifies virus 
growth rates and titers, but can also in- 
fluence the lethality of the virus to its host. 
Neweastle disease virus (Roakin) would 
kill embryonating eggs much faster at 
420C. than at 37.0 or 33.0C. Greiff* 
states that the lethal effect of influenza 
virus on embryos was least marked at 
40.0 C. and that the lowest and most vari- 
able infectivity titers were found at this 
temperature. The highest titer and great- 
est lethal effects were obtained at 37.5C. 
This is inconsistent with our study, but 
may be due to the greater lability of in- 
fluenza virus, as compared with the sta- 
bility of Npv. Hanson and Sinha® have 
found that the lethal death time (time 
required for a given concentration of virus 
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to produce death) of chicken embryos in- 
fected with npv has a linear function with 
temperature. 


SUMMARY 


The growth rates and growth patterns 
of Neweastle disease virus (NDV) were stud- 
ied in chorioallantoic membranes suspended 
in Tyrode’s solution and incubated at var- 
ious temperatures. The virus grew best in 
tissue cultures incubated at 42 C. 

“rowth of nov (Roakin-NJ-1946) was 
limited to incubation temperatures between 
33 and 42 C. The production of hemaggluti- 
nins in embryonating eggs infected with 
this virus followed a log-linear response to 
temperature. 

The growth patterns of strains GB, B1, 
and Roakin of Npv, in tissue cultures incu- 
bated at 37 C., did not differ significantly 
from one another. Pronounced differences 
in the growth rates of these three virus 
strains at different temperatures of incu- 
bation were not demonstrable. The produc- 
tion of virus in tissue culture followed a 
log-linear response to temperature after 36 
hours of incubation. 

Hemagglutinin production was not de- 
monstrable in tissue cultures of any of the 
three virus strains. 
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Titration of Newcastle Disease Virus in Tissue Culture 


D. DURAND, M.S., and A. EISEINSTARK, Ph.D. 


Manhattan, Kansas 


RECENT ADVANCES in tissue culture tech- 
niques have given rise to new opportunities 
in the study of viruses. Since cell destruc- 
tion as a result of virus multiplication may 
be observed in the test tube, it is possible to 
titrate the virus infectivity and the neu- 
tralizing ability of serum. 

Salk et al.? developed a simplified method 
for polio virus titration, based on inhibition 
of the metabolic activity of cells; virus 
multiplication (or its inhibition by anti- 
serum) was detected by the degree of color 
change of phenol red as a result of acid pro- 
duction by viable cells. 

The purpose of this report is to describe 
a modification of the Salk titration method 
as applied to the titration of Neweastle 
disease virus and its specific antiserum. 


MATERIALS AND METHODS 


The California strain (11914) and the L.W. 
strain of Newcastle disease virus (NDV) were used 
in this study. Stock cultures of both strains were 
prepared by inoculation into the allantoic cavities 
of 10-day-old chicken embryos. After death of the 
embryos, the allantoic fluids containing virus were 
harvested and 2-ml. amounts were sealed in glass 
vials, quick frozen, and stored in a dry-ice box. 
The 50 per cent embryo infectivity (e.iso) end 
points and hemagglutination (HA) titers were de- 
termined periodically on all stock fluids to assure 
high titer stocks. 

Hanks’ balanced salt solution*® (Bss) was used 
for virus and serum dilutions. The maintenance 
medium used was medium 199 (described by Mor- 
gan et al.®), supplemented with low concentrations 
of serum and embryo extract. 

Chicken embryo extract was prepared from 10- 
day-old embryos by grinding whole embryos in a 
Waring blendor with an equal volume of BSS, cen- 
trifuging the resulting suspension at 20,000 X g 
for two hours, and sterilizing the supernatant fluid 
by filtration through a Selas 03 filter. The chicken 
embryo extract was stored at —20 C. Hemagglutina- 
tion, hemagglutination-inhibition, and infectivity 
titrations were performed by standard procedures 
described by Cunningham.’ 

Tissue Culture Procedures.—Trypsinization of 
chicken embryo tissues were performed either at 
37 C. for 15 minutes or at 4C. for approximately 
18 hours.’ The procedure for cold trypsinization 


Ceontripution No. 335, from the Department of Bac- 
teriology, Kansas Agricultural Experiment Station, Man- 
hattan. 


differed from trypsinization at 37 C. only in time 
and temperature. Ten 10-day-old chicken embryos 
were decapitated and washed twice with 30 mi. of 
BSS, expressed through a 10-mi. syringe into 10 ml, 
of 0.5 per cent trypsin solution, and refrigerated at 
4C. for approximately 18 hours. At the end of 
trypsinization, an equal volume of BSS was added, 
and the suspension was filtered through two layers 
of cheesecloth and centrifuged at 500 7.9m. in a 
horizontal fur 20 minutes. The cells 
were then washed once and counted in a hemoey- 
tometer. 

HeLa cells, from a strain of human epithelium 
originally cultured from a cervical carcinoma,® were 
maintained in stock eulture by growing them in a 
medium consisting of 80.0 per cent Difco 199, 10.0 
per cent human serum, and 10.0 per cent horse 
serum. Trypsinization was carried out at 37 C. for 
30 minutes, using a 0.5 per cent trypsin solution. 

General Titration Procedures.—Replicate cultures 
(table 1) were prepared in 13- by 50-mm. flat- 
bottomed screw-capped vials. The use of flat- 
bottomed vials was preferred, as the cells were able 
to spread evenly over the flat surface. 

Known concentrations of the cells were suspended 
in the medium for the test, and a magnetic stirrer 
was used to keep the cells suspended uniformly 
throughout the medium. A constant volume (usually 
1 ml.) of the cell suspension was delivered to each 
of the vials by an automatic pipette. One tenth 
milliliter of the virus was added and the vials were 
stoppered with No. 00 white rubber stoppers. In- 
cubation was carried out at 35 C. with the cultures 
in an upright position. 

To have a standard for purposes of comparison, 
it was first necessary to determine the required cell 
concentration needed to show acid production, as 
seen by the change of phenol red to a yellow color 
within a reasonable length of time. It was found 
that 1 X 10° chicken embryo cells per vial contain- 
ing 1.0 ml. of medium plus 0.1 ml. of normal allan- 
toic fluid would cause a shift from red to yellow 
within 72 hours at 35C., allowing the test to end. 
As a control, normal allantoic fluid was tested to 


centrifuge 


verify that any change in cell metabolism was due — 


to virus and not to the allantoic fluid in which the 
virus was suspended. One milliliter of medium, 
consisting of Difco 199, 2 per cent serum, and 1 
per cent embryo extract and containing 1x1 
chicken embryo celis, was added to each of 33 vials. 
Normal allantoic fluid was diluted tenfold, serially 
107 to 10-*, in Bss and 0.1 ml. from each dilmtion 
was inoculated into each of five vials per dilution. 
The three control viais received 0.1 ml. of Bss. The 
experiment ended after 72 hvurs and vials were 
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checked fer a uniform evier change from red to 
yellow. 

In certain experiments, dilute methylene blue 
and varying concentration of 2,3,5-triphenyl-2H- 
tetrazolium chloride were substituted for phenol 
red to test for their possible value as indicators. 

Titration of Immune Newcastle Di irus 


Serums in Tissue Culture.—The antigen coneentra- 


SEGRE 


tion was determined by titrating NDv, utilizing the 
color end point method previously deserihed. A 


ed to 1 X 10° part 


Attn: 


suspension of virus, < les per 


milliliter, was found to give consistent positive re- 
sults, as seen by the retention of red color 
inoenlated cultures. 
the antigen. 

The culture vials were prepared by adding 1.0 mi, 
of freshly trypsinized cells to each vial, at 2 con- 
centration of 1X 10° cells per milliliter. The im 
mune NDV serum was then diluted twofsid serially, 
1:5 to 1: 2,560 (table 2, eclumn 1). One tenth milli- 
liter of each serum dilution was added to five vials. 
One tenth miililiter of the NDV antigen was added 
to each of 40 vials containing the dilution of 
immune serum and cells and to ten vials con- 
taining only cells, the latter acting as virus 
control (table 2, eclumn 6). To ten vials contain- 
ing only immune serum and e¢ells (serum control, 
table 2) and to ten vials containing only antigen 
and cells (virus control, table 2), 0.1 ml. of BSS 
was added to bring the volume to 1.2 ml. The vials 
were then sealed and incubated at 33°C. for five 
days. The neutralization titer of the serum was de- 
termined by comparison of the color change in the 
serum and the virus control vials. 


im ail 


This suspension was used as 


1 
the 


RESULTS 


Results obtained from npv titration series 
are presented (table 1). The end point of 
tissue culture titration (caleulated from 
column 6) is found to be 107%. When 
HeLa cells were substituted for chicken 
embryo fibroblasts as the susceptible cells, 
the results were comparable to those listed, 
but with slightly lower titers. This was 
probably due to the more rapid metabolism 
of the HeLa cell, causing a change of pH 
before the virus could destroy the cell. 

In a search for an indicator that might 
be more satisfactory than phenol red, cer- 
tain other reagents were tested. A titration 
series was set up without phenol red in the 
medium. When inerbation ended, 0.1 mi. 
of 0.05 per cenit methviene blue solution 
was added ts each vial. A slight color differ- 
ence from blue to light blue-green was ob- 
served, corresponding to virus dilution 
This color difference was not as distinct 
in the control series, which received phenol 
red. When methylene blue was added te 
those vials which contained phenol red, the 
end point (as indicated by the color change 
from blue-green to green, corresponding to 
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TABLE 1-—-Titration of Newcastle Disease Virus 
by Color End Point Method in Replicate Tissue 
Cultures of Chicken Embryo Fibroblasts 


Series 
Dilution 1 2 3 4 5 6 
10-% R R R R R 5/5* 
10-2 R R R R R 5/5 
10-8 R R R 5/5 
10-4 R RK R R R 5/5 
R R R R 5/5 
10 s ¥ 2/5 
16 Y ¥ i 0/5 
¥ Y ¥ Y Y 0/5 


* Numerator = No. of vials showing virus effect (rad) ; 
denominator — No. of vials used. 

Scoring was based on comparison with coior changes in 
control tubes. R— sior, S—salmon cvior, Y = 
yellow color. The red color indicated no color 
and, therefore, that enough virus was present to kill cells 
before acid was produced 


red 
red << 


shange 


the color change from red to yellow for 
phenol red) was clearer than with eithe: 
indicator alone. The 2,3,5-triphenyl-2H- 
tetrazolium chloride was tested for use as 
an indicator but was found te be toxic to 
the cells. 

Sinee it was demonstrated that Npv could 
be titrated, using the color end point 
method, neutralization tests were performed 
to determine whether this method was sen- 
sitive enough to be used for the testing of 
immune serums. 

The results, obtained from a titration 
series using specific immune serum from 
inoculated chickens, are listed (table 2). 
The 1:5 dilution of serum was observed to 
be toxic to the cells and was discarded. The 
results were similar for three separate 
experiments. 

DISCUSSION 

Although the replicate tissue culture ti- 
tration technique is less sensitive than when 
Nby is titrated in eggs, there are at least 
three advantages to the use of tissue culture 
in titration over the use of the chicken em- 
bryo infectivity method: (1) The system 
can he freed of all antibodies by repeated 
washing of the cells used; (2) tissue cul- 
ture is a more uniform system; and (3) 
the cost of tissue culture titration, once 
established on a routine basis, would be 
much less than embryo infectivity titration. 

The titration procedure using color 
change ‘in replicate tissue cultures was 
found to be sensitive enough for use in neu- 
tralization tests. The neutralization test 
developed used the constant virus-varying 
serum procedure and proved to be a depend- 
able method for titration of the protective 
capacity of immune serum. Although the 


| 
| 


D. DurAND AND A. EISENSTARK 


Am. J. Ver. Rug, 
JANUARY, 1959 


TABLE 2—Neutralization Test of Newcastle Disease Virus Immune Serums in Tissue Culture 


“Virus added 
(replicates ) 


Serum - — Serum Viruus 
dilution 1 2 8 4 control control Results 
5 R 

10 Y Y Y Y R 41/4* 
20 ¥ Y Y Y = R 4/4 
40 Y Y Y 3 Y R 4/4 
80 y Y Y Y Y R 4/4 
160 Ss R Ss Y Y R 1/4 
320 R R R R Y R 0/4 
640 R R R R 3 R 0/4 

1,280 R R R R Y R 0/4 

2,560 R R R R = R 0/4 

* Numerator = No. of vials showing neutralization effect (yellow) ; denominator = No. of vials use. 

R = red color, S = salmon color, Y = yellow color. The red color indicated that enough virus was 


present to kill cells before acid was produced. 


hemagglutination-inhibition (HI) test is 
available for work with Npv, a titration 
procedure using infectivity could be from 
10° to 10° times more sensitive than a 
method using the ui test.* The u1 test is a 
measure of the serum’s ability to inhibit 
agglutination of erythrocytes. The tissue 
culture neutralization test is a measure of 
the serum’s ability to inhibit infection of 
susceptible cells and, therefore, is a more 
direct answer to the specific question that 
is raised about the property of the anti- 
serum ; 7.e., its ability to neutralize the in- 
fectious property of the virus. 

Although a combination of methylene 
blue and phenol red gave a slightly better 
end point, the added manipulations do not 
seem to warrant the routine addition of 
methylene blue as an indicator. 

The results indicate that it should be pos- 
sible to extend this method of titration to 
include avian viruses, such as infectious 
bronchitis or laryngotracheitis, which do 
not agglutinate erythrocytes but are ca- 
pable of upsetting cell metabolism in some 
tissue culture systems. 


SUMMARY 
A replicate tissue culture systera for New- 


castle disease virus (NDv) titration was 


developed. This titration method depends 
on color change of pH indicators, due to 
the different degrees of metabolism of in- 
fected and noninfected tissue cells. Using 
this method, it was possible to titrate Npyv 
and anti-NDv serums with reproducible 
results. 
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Tissue Culture of Avian Visceral Lymphoid Tumors and 
in Vitro Serial Passage of the Virus 


OLIVE S. DAVIS, Ph.D., and DONALD P. GUSTAFSON, D.V.M., Ph.D. 


Lafayette, Indiana 


NEOPLASTIC TissuUES from chickens have 
been studied in vitro for many years. Car 
rel and Burrows” cultured Rous sarcoma 
as early as 1910, and there are now many 
reports on the culture of Rous, Fujinami, 
and other fow! sarcomas in vitro. Cultures 
of the virus of leukosis also have been re- 
ported by many workers.!: 3-5. 8, 12-14,16, 18, 19 

In 1937, Ludford?® described the produc- 
tion of tumors in cultures of normal cells 
treated with filtrates of Rous or Fujinami 
sarcomas; in 1938, Ruffilli’® described the 
infection of normal chicken embryo heart 
cultures with erythroleukemic avian blood. 

Until recently, in vitro studies of avian 
lymphoid leukosis had not been reported. 
At the 1957 meeting of the Poultry Science 
Association, two reports were made on the 
cultivation of the virus of avian visceral 
lymphomatosis (AVL) in normal chicken 
embryo tissues.* 17 The work reported here 
apparently was being done at about the 
same time, but independently and with a 
different approach. 

The purpose was to explore the possible 
usefulness of in vitro technique in other 
research with this disease. The immediate 
objectives were: (1). to observe the differ- 
ences between cultures of normal and neo- 
plastic tissues; (2) to detect possible 
changes in normal cultures subjected to 
virus-containing materials; and (3) to de- 
termine if serial passage of the virus would 
be possible in cultures of spleens from 19- 
day-old chicken embryos, as shown by the 
inoculation of susceptible chickens with 
supernatant fluid from the tissue cultures. 
The approach was to culture tissues from 
chickens affected with avi and to use super- 
natant fluids from these cultures to initiate 
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serial passages of the virus in cultures of 
normal chicken embryo spleens. 


MATERIALS AND METHODS 


Source of Tumors for Tissue Culture—In all 
trials, the tumor materials used were obtained 
from chickens affected with AvL in serial passage 
experiments using strain RPL 12.* Normal tis- 
sues were obtained from control chickens of the 
same age and lots. In five trials, primary explants 
from the following tissues were cultured: trial 1, 
neoplastic pectoral muscle, liver, spleen, and kid- 
ney; trial 2, neoplastic pectoral muscle and nor- 
mal pectoral muscle; trial 3, neoplastic pectoral 
muscle; trial 4, neoplastic pectoral muscle, liver, 
and spleen and normal pectoral muscle, liver, 
spleen, and kidney; trial 5, neoplastic pectoral 
muscle, and spleen. 

Tissue Cultures.—Methods previously described 
by Gustafson and Pomerat® were used. Primary 
explants were cut approximately 1.0-mm. square. 
Five explants were mounted in a chicken plasma 
and chicken embryo-extract clot on each 12- by 
50-mm. glass cover slip, and two cover slips were 
placed back to back in a 16- by 150-mm. Pyrex 
culture tube stoppered with cotton. After these 
were allowed to remain undisturbed at room tem- 
perature for about three hours, 2 ml. of a nutrient 
medium was added to each tube. The tubes were 
then restoppered with latex rubber stoppers and 
placed in a roller drum revolving at about 12 
rotations per hour in an ineubator at 35C. The 
fluid medium used in trials 1 through 3 consisted 
of 50 per cent human ascitic fluid, 45 per cent 
Gey’s solution containing 0.2 mg. per cent phenol 
red, 5 per cent chicken embryo extract, and 1,000 
units of penicillin per milliliter. In trials 4 and 5 
a second medium was used, consisting of eight 
parts Gey’s balanced salt solution, one part 
chicken serum, and one part bovine lactalbumin 
hydrolysate with phenol red added, but no anti- 
biotic. 

Eight to 17 (usually 10 to 12) tubes were pre- 
pared from each tissue. With each tube contain- 
ing ten explants, about 100 explants of each tissue 
cultured were available for observation. Every 
two or three days during the maintenance of the 
cultures, the fluid medium was withdrawn by 
pipette and replaced with fresh medium. At vari- 
ous intervals, cultures were observed by phase 
microscopy. Some were photographed while liv- 


* Avian visceral lymphomatosis of Regional 
Laboratory strain 12. 
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Fig. 1—Phase photograph of living fibroblasts. 
Normal 19-day chicken embryo spleen cultures at 
13 days. x 420. 


Fig. 2—Phase photograph of living fibroblasts. 
Third serial passage of avian visceral lymphoma- 
tosis virus on 19-day chicken embryo spleen cul- 
tures at 13 days. (notice granularity of cytoplasm 
as contrasted with homogeneity in figure 1). Vac- 
uolization of the nucleoli is present in both figures. 


ing; others were fixed in absolute methyl alcohol, 
stained by Jacobson’s technique or with hema- 
toxylin and phloxine stains, and mounted. 
Primary explants of spleens from normal 19- 
day-old embryonating chicken eggs were prepared 
similarly for the serial passage of the virus. 
Serial Passage of the Virus.——At the time of 
preparation of the spleen explants, 0.2 ml. of the 
virus-containing supernatant fluids harvested from 
cultures of tumors of chickens were added to 
1.8 ml. of the fluid medium of some of the spleen 
explants. Others were supplied with 0.2 ml. of 


supernatant fluid from normal tissues and 1.8 ml, 
of medium. Supernatant fluids harvested from 
the virus-treated cultures were added in series to 
succeeding preparations of normal chicken embryo 
spleens at three-, five-, and seven-day intervals. 

Control and virus-treated cultures were observed 
under bright field and phase conditions of micros- 
copy. Photographs were taken under phase con- 
ditions (fig. 1, 2); some cultures were fixed, 
stained, and mounted prior to being photographed, 

Chicken Inoculations.—In all trials, supernatant 
fluids harvested from cultures of chicken tumor 
tissues were inoculated into pectoral muscles of 
chickens, 20 to 38 days old, to test for the pres- 
ence of the virus (table 1). 

Supernatant fluids from some of the passage 
cultures of chicken embryo spleens also were in- 
oculated intramuscularly into groups of chickens, 
19 to 22 days old, to test for the continued pres- 
ence of the virus (table 2). In two of these trials, 
since no cases of the disease had appeared after 
38 days, one half of each inoculated group was 
reinoculated with ground tumor suspended in saline 
solution. The tumor was excised from a chicken 
affected with AvL, strain RPL 12. 


RESULTS 


Chicken Tissue Cultures.—In all cultures 
of tumorous tissues, with the exception of 
the liver explants in the first trial, migra- 
tion of lymphoid cells was observed as 


Fig. 3—Outgrowth from 13-day culture of neo- 
plastic pectoral muscle from a chicken. Outgrowth 
is composed primarily of lymphoblasts. Jacob- 
son’s stain; x 1066. 
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Fig. 4—Thirteen-day cul- 
val ture of spleen from 
ros- chicken with avian vis- 
-on- ceral lymphomatosis. Gi- 
ced, ant cells appear to have 
ied. germinal centers from 
ant which nuclei migrate pe- 
— ripherally. These forma- 
¢ tions characterize the 
7 cultures at this age fol- 
age lowing the initial massive 
in- migration of lympho- 
ns, blasts. Jacobson’s stain; 
res- x 850. 
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as early as three or four hours after culture, of lymphoid tumor cells was apparent 


fibroblastic outgrowth was apparent within within 48 hours (fig. 3-5). In trial 4, when 
about 24 hours, and massive proliferation the second medium was used, outgrowth 


Fig. 5—Five-day culture of spleen from a chicken affected with avian visceral lymphomatosis. 
Notice contrast between fibroblast outgrowth on the left and the transitional lymphoblastoid 
celis on the right in the early phases of giant cell development. Jacobson’s stain; x 194. 
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Fig. 6—Thirteen-day culture of liver from a chicken affected with avian visceral lymphoma- 
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tosis. Notice the packets of lymphoblasts in the outgrowth. Hematoxylin and phloxine; x 224. 


from the tumorous liver explants was as 
rapid and extensive as from the other neo- 
plastic tissues (fig. 6). 

Outgrowths appeared much more slowly 
in cultures of normal chicken tissues; after 
48 hours it was apparent only in normal 
spleen cultures. After seven days, out- 
growth was present also in normal liver and 
kidney explants, although still slight as 
compared with tumor exnlants of the same 
age. Outgrowth still was not apparent in 
normal muscle explants. 

The results of tests for the presence of 
the virus of Avi in chickens by intramus- 
cular inoculations of supernatant fluids 
harvested from primary explants of various 
tissues manifesting neoplasia (table 1) 
showed that a high incidence of lympho- 
matosis developed in most of the inocu- 
lated groups, usually with lymphoid tu- 


mors appearing in the pectoral muscle at 
the site of inoculation. Even a few cases 
developed in the group inoculated with a 
Selas 03 filtrate of this supernatant fluid 
and in the group inoculated with super- 
natant fluid held frozen for three months. 
Some of the chickens also had tumors at 
the site of inoculation in the pectoral 
muscle. 

The single cases which occurred in the 
group of chickens inoculated with the 
Berkefeld V filtrate and in the untreated 
group developed much more slowly. These 
were probably both spontaneous cases, since 
it is difficult to obtain lots of chickens for 
experimental use which are entirely free 
from this disease. 

Virus Passages in Chicken Embryo 
Spleens.—The outgrowth from primary ex- 
plants of spleens from normal 19-day-old 


TABLE i—tTransmission of Avian Visceral Lymphomatosis (AVL) to Young Chickens 
by Intramuscular Inoculations with Supernatant Fluids from Primary 


Explant Tissue Cultures of Tumors from Chickens 


Inoculum Results 
Harvest Muscle Av. No. 
Lot Origin of No. medium time Nature of No. of AVL tumors days to 
No. culture changes (No. days) inoculum chickens (%) (%) death 
1 Pectoral muscle, 3 138 Supernatant fluid 10 70 70 40.1 
spleen, kidney 
2 Pectoral muscle 2 7 Supernatant fluid 10 40 40 25.0 
3 Pectoral muscle 0 6 Supernatant fluid 10 40 10 198.8 
frozen 3 months 
at —28 C. 
4A Pectoral muscle, 0 2 Selas 03 filtrate o/ 20 45 10 232.4 
liver, and spleen supernatant flaid 
4B Pectoral muscle, 2 7 Berkefeld V filtrate of 10 10 0 334.0 
liver, and spleen supernatant fluid 
4A & 
4B Untreated controls 


eveccose 10 10 0 316.0 
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chicken embryos after the migration of 
lymphocytes was largely fibroblastic in 
nature (fig. 7). The cytoplasm of the in- 
dividual cells remained relatively clear. In 
the similar cultures to which the virus- 
containing supernatant fluid from chicken 
tumor cultures was added there was, in 
addition to the development of fibroblasts 
in the outgrowth, an extensive migration 
and proliferation of lymphoid tumor cells 
(fig. 8). The extreme granularity of the 
cytoplasm of cells in the virus-treated cul- 
tures, apparently similar to that described 
by other authors,*1® may indicate a cyto- 
pathogenic effect of the virus on the indi- 
vidual cells of the outgrowths (fig. 1, 2). 

The results of chicken inoculation tests 
of supernatant fluids harvested from some 
of these virus passages in cultures of 
chicken embryo spleens are summarized 
(table 2). It appears that the virus did 
not survive three five-day passages. How- 
ever, it apparently was still present and 
infective for chickens after ten three-day 
passages, with 1 chicken showing a lymph- 
oid tumor in the pectoral muscle at the site 
of inoculation. 

Birds inoculated with some of these 
supernatant fluids showed no resistance 
when challenged 38 days later with a sus- 
pension of tumor tissue containing strain 
RPL 12 Avi virus. 


DISCUSSION 


Outgrowth from explants of neoplastic 
tissues is much more rapid and luxurious 
than from normal tissues. The migration 
of lymphoblasts is remarkable both in num- 
ber and in speed. The character of fibro- 
blast development seems to be about the 
same in both normal and neoplastic tissues. 


Fig. 7—Three-day culture of spleen from normal 
19-day chicken embryo. Notice the predominance 
of fibroblasts with lymphoblasts interspersed as 
free wandering cells in the outgrowth. Jacobson’s 
stain; x 174. 


a 


Fig. 8—Three-day culture of spleen from normal 
19-day chicken embryo to which avian visceral 
lymphomatosis virus was added at the time of 
explanting. Notice the packets of lymphoblasts and 
single lymphoblasts which dominate the outgrowth 
in contrast to figure 7. Jacobson’s stain; x 174. 


The cultures could easily be distinguished 
from one another without any magnifica- 
tion. Cultures of neoplastic tissues were 
large in diameter, ragged in appearance, 
and the margins of the explants often were 


TABLE 2—Intramuscular Inoculations of Young Chickens with Supernatant Fluids from 
Serial Passages of Avian Visceral Lymphomatosis (AVL) Virus on Primary 


Explants of Spleen from Normal 19-Day Chicken Embryos 


Results 


Inoculum 
Muscle Av. No. 
Lot Origin of Challenge No. of AVL tumors days to 
No. culture inoculation chickens (%) (%) death 
1 Third five-day passage 5 20 0 257.5 
Third five-day passage Chicken tumor 5 80 40 9.5* 
88 days later 
2 Fifth three-day passage 5 40 0 221.0 
Fifth three-day passage Chicken tumor 5 100 100 6.8* 
38 days later 
3 Tenth three-day passage «ll ennneeee 10 70 10 210.0 
OComtacteontrole 5 0 
4 Sixth seven-day passare = eeeeneee 10 10 0 80.0 
Untreated controls 15 6.6 0 205.0 


* No. of days to death after challenge. 
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Fig. 9—Three-day culture of spleen from normal 

19-day chicken embryo spleen to which avian vis- 

ceral lymphomatosis virus was added at the time 

of explanting. Notice the packets of lymphoblasts 

which characterize the outgrowth. Jacobson’s 
stain; x 656. 
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not clearly defined after three to five days. 
These characteristics were in sharp con- 
trast to the modest appearance of the eul- 
tures of normal tissues. 

The cultivation of neoplastic tissue from 
chickens affected with Avi in vitro provided 
useful information concerning the utility 
of tissue culture in the study of the disease. 
It should not be difficult to obtain infor- 
mation of the details of mitotic events in 
the neoplastic cells. Morphological simi- 
larities between neoplastic cells of this 
disease and lymphosarcomas of mammals 
could be more firmly established. The cells 
which appeared after the introduction of 
AVL virus in supernatant fluid from a tis- 
sue culture serial passage (fig. 9, 10) 
seemed indistinguishable from the descrip- 
tion and photographs of cells of outgrowths 
from Hodgkin’s disease cultivated in vitro, 
as shown by Murray.’® A similar series of 
cells, transitional between multinucleated 
germinal centers and lymphoblasts and 
lymphocytes, was observed (fig. 11, 12). 

During the first trial, explants of neo- 
plastic liver showed only that the tissue 
promptly began to disintegrate in the me- 
dium, while muscle, spleen, and kidney 
explants showed luxurious migration and 
multiplication of lymphoblasts. Since the 
ascitic fluid in the medium had been ob- 
tained from a terminal carcinomatous pa- 
tient being treated with chlorpromazine, it 
is felt that the chlorpromazine may have 


Fig. 10—Higher magni- 
fication of figure 9. Jac- 
obson’s stain; x 1017. 
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Fig. 11—Five-day culture of spleen from a chicken affected with avian visceral lymphomatosis. 


Transitional form in lymphoid series, here showing a multinucleated germinal center from 
which nuclei seem to migrate peripherally and break off into packets. Jacobson’s stain; x 1017. 


had influence on the results obtained in the 
culture of liver. In trial 4 when the second 
medium was used, outgrowth from the 
tumorous liver explant was as rapid and 
extensive as from other neoplastic tissues. 

Tests of supernatant fluids of serial pas- 
sages of AVL virus provided evidence that 
the virus had multiplied in tissue culture 
systems of three days’ duration. Ten serial 
passages seemed to place the material be- 
yond the realm of dilution or continued 
maintenance. Furthermore, the appearance 
of a tumor at the site of inoculation in the 
pectoral muscle was convincing evidence 
that the neoplasm was incited by the in- 
oculum. Intramuscular injection of AVL 
virus after serial passage caused death in 
chickens in a length of time comparable to 
that commonly caused by a small dose of a 
suspension of frozen tumor or of a filtrate. 


SUMMARY 


1) Neoplastic tissues from chickens af- 
fected with avian visceral lymphomatosis 
(AvL) eultured in vitro showed marked 
proliferation and migration of lympho- 
blasts. 


2) Supernatant fluids from cultures of 
the neoplastic chicken tissues, and Selas 03 
filtrates of these fluids, produced typical 
AVL in a high percentage of inoculated 


Fig. 12—-Five-day culture of spleen from a chicken 

affected with avian visceral lymphomatosis. Tran- 

sitional forms in lymphoid series showing individ- 

ual cells and multinucleated forms. Jacobson’s 
stain; x 640. 
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chickens. Many of these chickens showed 
lymphoid tumors at the site of inoculation. 

3) The virus of AVL was propagated in 
cultures of normal chicken embryo spleens 
for ten three-day serial passages. 

4) Packets consisting of as many as ten 
lymphoblasts, as well as transitional forms, 
were observed to characterize the cells of 
the outgrowth of explants of chicken em- 
bryo spleens following exposure to the 
virus. Fibroblasts showed marked granu- 
larity of cytoplasm. 

5) Chickens which were inoculated with 
tissue culture material containing AVL virus 
but did not show evidence of neoplastic 
disease at 38 days were not resistant to 
challenge with highly virulent tumor 
material. 


References 


1 Bichel, J.: Uber eine Technik fiir Ziichtung leuko- 
tischer Zellen in Vitro, sowie einige Bemerkungen iiber 
die Pathogenese der Leukosen. Arch. Zellforsch., 19, 
(1940) : 27-42. 

2 Carrel, A., and Burrows, M. J.: Cultivation of Sar- 
coma Outside the Body. J. Am. M.A., 55, (1910): 1554. 

8 Doljanski, L., and Pikovski, M.: Cultivation of the 
Agent of Fowl Leukosis in Vitro. Nature (London), 146, 
(1940) : 302-303. 

* Doljanski, L., and Pikovski, M.: Cultures in Vitro of 
Blood Cells, Bone Marrow, and Myocardium from Leu- 
kotic Fowls. Cancer Res., 1, (1941): 205-216. 

5 Doljanski, L., and Pikovski, M.: Agent of Fowl Leu- 
kosis in Tissue Cultures. Cancer Res., 2, (1942): 626— 
631. 

® Fontes, A. K., Burmester, B. R., and Isler, P. E.: 


Cultivation in Tissue Culture of the Virus of Avian Vis- 
ceral Lymphomatosis. Proc. 46th Ann. Meeting Poult. 
Sci. A., (1957): 17-18. 

7Furth, J., and Breedis, C.: Attempts at Cultivation 
of Viruses Producing Leukosis in Fowls. Arch. Path., 
24, (1937): 281-302. 

8 Furth, J., and Stubbs, E. L.: Tissue Culture Studies 
on the Relation of Sarcoma to Leukosis of Chickens. 
Proc. Soc. Exptl. Biol. & Med., 32, (1934): 381-383. 

® Gustafson, D. P., and Pomerat, C. M.: Cytopathic 
Changes in Tissue Cultures Derived from a Pig Infected 
with Hog Cholera. Am. J. Vet. Res., 17, (Jan., 1956): 
165-173. 

10 Ludford, R. J.: The Production of Tumours by Cul- 
tures of Normal Cells Treated with Filtrates of Filterable 
Fowl Tumours. Am. J. Canc., 31, (1937): 414-429. 

11 Murray, Margaret R.: The Classification and Diag- 
nosis of Human Tumors by Tissue Culture Methods. 
Texas Rep. Biol. & Med., 12, (1954): 898-915. 

12 Rufflli, D.: Su Aleuni Caratteridi un Ceppo di 
Cellule Mesenchimali Ottenute da Milza di Pollo Eritro- 
leucemico. Boll. Lega ital. Tumori, 10, (1936): 223-225. 

18 Ruffilli, D.: Coltivazione di Tessuti di Polli Eritro- 


leucemico. Boll. Lega ital. Tumori, 11, (1937): 169- 
172. 
4 Ruffilli, D.: Azione del Plasm di Pollo Eritroleu- 


cemico su Tessuti Coltivati in Vitro. Boll. Lega ital. 
Tumori, 12, (1938): 235-246. 

%% Ruffilli, D.: Infezioni in Vitro di Esplanti di Cuore 
Embrionale con Cellule del Sangue di Pollo Eritroleu- 
cemico. Boll. Soc. ital. Biol. sper., 18, (1938): 146-148. 

16 Ruffilli, D.: Considerazioni su Recente Riccerche 
sulla Coltivazione in Vitro di Virus Aviari. Rass. Oncol., 
16, (1938): 32-41. 

17 Sharpless, G. R., Defendi, V., and Cox, H. R.: Cul- 
tivation in Tissue Culture of the Virus of Avizn Lympho- 
matosis. Proc. 46th Ann. Meeting Poult. Sci. A., (1957): 
56. 

18Van den Berghe, L., and d’Ursel, F.: Culture en 
Tissus du Virus de !’Erythroblastose de la Poule (souche 
0. G.). Comp. rend. Soc. biol., 131, (1939): 1301-1302. 

19 Verne, J., Oberling, C., and Guerin, M.: Tentatives 
de Culture in Vitro de l’Agent de la Leucémie Transmis- 
sible des Poules. Compt. rend. Soc. biol., 121, (1936): 
403-405. 


XUM 


Swine Kidney Cell Cultures—Susceptibility to Viruses 
and Use in Isolation of Enteric Viruses of Swine 


B. B. HANCOCK, D.V.M., M.S.; E. H. BOHL, D.V.M., Ph.D.; 
J. M. BIRKELAND, Ph.D. 


Columbus, Ohio 


THE REFINEMENT and application of tissue 
culture techniques have resulted in the iso- 
lation of many viruses which previously 
were unrecognized. The recent discovery 
and characterization of numerous viral 
agents from the intestinal tract of man 
lend support to the hypothesis that similar 
agents are present in the intestinal tracts 
of animals and are of possible significance 
in intestinal and, perhaps, other disorders 
either as primary or secondary pathogens. 

Since swine often suffer from gastro- 
intestinal disturbances in which the specific 
etiological agent is not always discernible, 
an investigation of enteric viruses of swine 
was undertaken. It was the purpose of this 
study to (1) explore and develop tissue 
culture systems of swine kidney eells, (2) 
determine the susceptibility of such cells to 
known viruses, and (3) determine the value 
of such a system for the isolation of viruses 
from the intestinal tracts of swine. 

The literature on the cultivation of swine kidney 
cells and their use in virus studies is limited. Mil- 
lian and Robbins” investigated the nutritional re- 
quirements for the cultivation of porcine kidney 
epithelial cells, using fragments planted by a dry 
tube or plasma clot technique. Satisfactory growth 
was obtained in a medium composed of synthetic 
mixture 199 and 7.5 per cent porcine serum. 

Lee® obtained good growth of epithelial cells 
from trypsinized porcine kidney tissue in a medium 
consisting of 0.5 per cent lactalbumin hydrolysate 
and 10.0 per cent equine serum in balanced salt 
solution. Using the conglutinating complement- 
absorption test, he demonstrated the proliferation 
of the transmissible gastroenteritis virus of swine, 
although no cytopathogenic effects were observed. 

Fieldsteel and Emery ? cultivated cells from por- 
cine kidney tissue in a lactalbumin hydrolysate 
medium containing equine serum and reported that 
no cytopathogenic changes occurred after inocula- 
tion with infectious canine hepatitis virus. 

Moseovici et al.“ have reported the isolation of 


From the Department of Bacteriology, Ohio State Uni- 
versity, Columbus. 

This investigation was supported in part by Grant 
E-1352 from the National Institutes of Health, U.S. 
Public Health Service, a grant from Fort Dodge Lab- 
oratories, Inc., and the Ohio Agricultural Experiment 
Station. 


a eytopathogenic agent from an outbreak of enteri- 
tis in newborn pigs in Italy. 

Beran et al.,’ using tissue culture methods, iso- 
lated a number of cytopathogenic agents from the 
feces of pigs, but their investigation indicated that 
the isolates belong to a single type. 

Young et al.” reviewed the literature on the cul- 
tivation of swine cells and reported the cultivation 
of swine kidney cells in static cultures, using a 
variety of nutrient solutions. 

Recently, Madin et al.® have described the prepa- 
ration of tissue cultures from a wide range of ani- 
mal tissues, including swine kidney tissue. 

While this manuscript was in preparation, Guerin 
and Guerin® reported on the susceptibility of a 
pig kidney tissue culture to a number of viruses 
found in man. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Equipment Preparation—Culture tubes were 
standard 16- by 150-mm. Pyrex test tubes, or those 
with the lower one third of the tube flattened 
(Leighton tubes). In some instances, ordinary 
prescription bottles were used. 

All used glassware was immediately immersed in 
‘*7x’? detergent* solution diluted 1:10. After 


* Produced by the Limbro Chemical Co., New Haven, 
Conn. 
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Fig. 1—Normal monolayer cell culture of adult 
swine kidney. May-Griinwald-Giemsa stain; x 80. 
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TABLE i—Viruses Tested in Swine Kidney Tissue 
Cc 


ultures 
Virus Origin Titer* Titer? 
Herpes simplex HeLa cell 
culture 10-4 10-2-3 
Pseudorabies Mouse brain 10-25 10-45 
Infectious Dog kidney 
canine hepatitis tissue culture 10-*-5 10-43 
Enteric cytopathogenic Monkey kidney 
human orphan tissue culture 10-3.7 10-45 
(strain 10) 
Newcastle disease Chicken 
embryo 10-5-% 10-5-3 


passage. 


soaking overnight or longer, it was brushed and 
then rinsed with an automatic washert (5 minutes 
with tap water, 3 minutes with distilled water). 
A manual rinse in deionized water completed the 
procedure. 

White, nontoxie rubber stoppers were washed by 
soaking in the detergent and rinsed by vigorous 
tumbling in running water, first tap and then dis- 
tilled. They were sterilized by boiling in deionized 
water and transferred directly to the culture tubes 
with sterile forceps. 

Tissue Culture Mediums and Reagents.—Hanks’ 
balanced salt solution was prepared according to 
the method of Weller et al. It was sterilized by 
autoclaving at 10 lb. of pressure for ten minutes, 
and stored at 5 C. in tightly stoppered prescription 
bottles. The pH was adjusted immediately before 
use with sodium bicarbonate solution. 

A modified lactalbumin hydrolysate** medium 
was the basic medium used in this work. A 0.5 per 
cent solution of lactalbumin hydrolysate was pre- 
pared in Hanks’ solution, distributed in prescrip- 
tion bottles, autoclaved at 10 lb. of pressure for 
ten minutes, and stored at 5C. Serum and anti- 
biotics were added and the pH was adjusted with 
4.4 per cent sodium bicarbonate solution just be- 
fore use. Porcine serum (3.0-10.0%) was used for 
the growth medium, and bovine serum (3.0%) for 
the maintenance medium. These mediums were se- 
lected on the basis of comparative studies of vari- 
ous mediums for the growth and maintenance of 
swine kidney cells.® 

Swine and bovine serums were collected from 
young, healthy animals at slaughter, sterilized by 
filtration through Selas 03 or Seitz filters, and 
stored frozen in convenient amounts. 

The trypsin solution was a 0.25 per cent solu- 
tion of Bacto-Trypsin 1:250 (Difco) in Hanks’ 
solution. Sodium bicarbonate was prepared as a 
4.4 per cent solution in deionized water and steri- 
lized by filtration. Antibiotics, enough to yield a 
final concentration of 50 units of nystatin (Myco- 


statint), 100 ug. of streptomycin, and 200 units of 

+ Manufactured by Heinicke Instruments, Hollywood, 
Fla. 

** Produced by Nutritional Biochemicals Corp., Cleve- 
land, Ohio. 

t Mycostatin is produced by E. R. Squibb an¢ Sons, 
New York, N.Y 


penicillin per milliliter, were added to all tissue 
culture fluids. 

Preparation of Cultures.—Kidneys were asepti- 
cally removed from 6- to 8-month-old swine, slaugh- 
tered at a nearby abattoir, and brought to the 
laboratory in a sterile, covered pan. After re- 
moving the capsule, portions of the cortex were 
transferred to a 50-ml. centrifuge tube, minced to 
3- to 5-emm. fragments with long-handled scissors, 
and washed free of erythrocytes and debris with 
trypsin solution containing antibiotics. 

The washed fragments were transferred to an 
Erlenmeyer flask and trypsin solution, prewarmed 
to 37 C., was added. The suspension was agitated 
with a magnetic mixer at a speed which maintained 
vigorous agitation without foaming. To prevent 
heating, the flask was suspended 0.5 inch above the 
mixer. After a preliminary trypsinization for one 
to two hours at room temperature (approx. 25 C.) 
the supernatant fluid was discarded and the frag- 
meuts were washed several times with trypsin. 
Three volumes of trypsin solution then was added 
to the flask and agitation was continued for another 
hour. After straining through one or two layers 
of gauze, the resulting cell suspension was centri- 
fuged at 600 r.p.m. for five minutes in an Inter- 
national No. 1 centrifuge. The cells were washed 
one or two times with complete growth medium at 
37 C. and centrifuged each time at 600 r.p.m. for 
two or three minutes. 

An indication of the viability of the trypsinized 
cells was obtained by staining with trypan blue, 
using a technique modified from that described by 
Girardi et al.* A wire loop was used to transfer 
equal amounts of cell suspension and stain to a 
clean slide. A cover slip was added and the prepa- 
ration examined under the microscope. A similar 
technique, employing 0.1 per cent erystal violet in 
0.1 M citric acid, was used to study the morpholog- 
ieal characteristics of the cells. 

The final suspension usually represented a 1:200 
dilution of the packed cell volume in the complete 
growth medium, although variations of this con- 
centration were used in some experiments. Distri- 
bution of the suspension was done by a Cornwall 
automatic syringe. Tubes usually received 1.5 to 
2.0 ml., and 4-oz. prescription bottles were planted 
with 10.0 ml. The tubes and bottles were stoppered 
tightly and incubated at 37C. in a stationary 
position. 

In most lots of cultures, definite colonies had 
developed after 48 hours’ incubation. Multiplica- 
tion then proceeded more rapidly and the entire 
growth surface was covered in six to ten days (fig. 
1). One or two changes of medium were necessary 
during this period. 

Several attempts have been made to propagate 
serially the swine kidney epithelial cells. Good 
growth was obtained on the first passage and, in 
one experiment, the passage cells appeared as sus- 
ceptible to herpes simplex virus as were the original 
cells. In the most successful attempt, it was pos- 
sible to carry the cells into the fourth passage. At 


* Fifth tissue culture passage; {tenth tissue culture 
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that time, they were growing slowly and it was 
impossible to obtain a confluent sheet of cells. 

Effect of Certain Viruses on Swine Kidney Cell 
Cultures.—The herpes simplex virus was obtained 
from infected HeLa cell cultures;* the pseudo- 
rabies virus was from brain emulsion of infected 
mice; infectious canine hepatitis virus was from 
the sixteenth passage in canine kidney tissue eul- 
tures;t the enteric cytopathogenic human orphan 
virus 10 (EcHO-10) was from infected monkey kid- 
ney tissue cultures;** and the Neweastle disease 
virus was from the allantoic fluid of infected 
chicken embryos. 

Before inoculation, the medium was replaced 
with lactalbumin hydrolysate medium containing 3 
per cent porcine serum. Inoculation was performed 
by adding 0.1 ml. of the virus preparation directly 
to each of three or more cell cultures. Cultures 
were observed daily and subcultures made when 
extensive cytopathogenic changes were evident. 
Each virus was carried through ten passages and 
titrated at the fifth and tenth passages. 

Titrations were made by preparing tenfold dilu- 
tions in Hanks’ solution and inoculating three 
tubes with 0.1 ml. of each dilution. End points 
were calculated as the tissue culture infective dose 
(t.c.i.d.so) according to the method of Reed and 
Muench. 

A summary of the results of inoculation 
of the swine kidney cells with the viruses 
used is given (table 1). 


* Obtained from Dr. George Anderson, ¢ Dr. Victor 
Cabasso, and ** Dr. W. MsD. Hammon. 


Fig. 2—Swine kidney 

cells inoculated with un- 

known cytopathogenic 

agent from swine. May- 

Griinwald-Giemsa_ stain; 
x 80. 


Herpes simplex virus produced a cyto- 
pathogenic effect on swine kidney cells that 
was characterized by the production of 
rounded, highly refractile cells which soon 
lost their attachment to the glass. The re- 
sult was a steadily enlarging, denuded area 
surrounded by reactive cells. On continued 
passage, the cytopathogenic effect first was 
diminished and delayed, but the eighth, 
ninth, and tenth passages resulted in in- 
creased cytopathogenicity. 

Pseudorabies virus produced a cyto- 
pathogenic effect on siwne kidney cells 
which was similar to that produced by 
herpes simplex, but more dramatic. The 
cells became markedly swollen and rounded, 
and tended to separate. 

Infectious canine hepatitis virus pro- 
duced a cytopathogenie effect which differed 
from that of pseudorabies virus in two 
respects. In general, the corresponding cel- 
lular changes occurred approximately 24 
hours later (2 to 3 days) and fewer swollen 
cells were observed. 

The EecHo-10 virus produced a cellular 
destruction which was complete in five to 
six days. The only specific pathological 
change observable in unstained prepara- 
tions was the destruction of the cytoplasm 
and pyknosis of the nuclei. The affected 
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cells rapidly lost their attachment to the 
glass surface. 

Neweastle disease virus caused a general- 
ized destruction of the swine kidney cells. 
The first change, observable at 12 to 24 
hours, was a granulation of the cytoplasm. 
Usually, significant numbers of cells were 
destroyed by 24 hours, and the destruction 
then proceeded at a more rapid rate. 

Virus Isolations From Swine.—Rectal swab sam- 
ples were collected from pigs by a technique simi- 
lar to that used on children by Ramos-Alvarez 
and Sabin.” The swabs were extracted with 1.0 to 
2.0 ml. of Hanks’ solution containing 1,000 units of 
penicillin, 500 ug. of streptomycin, and 250 units 
of nystatin per milliliter. The resulting suspension 
was centrifuged at approximately 4,000 r.p.m. at 
room temperature for 30 to 40 minutes in an angle 
centrifuge. Tissue culture tubes were then inocu- 
lated with 0.1 to 0.2 ml. of the supernatant fluid. 

Fecal samples were prepared for inoculation by 
grinding, in a mortar, a 20 per cent suspension of 
feces in Hanks’ solution. Antibiotics were added 
to give a final concentration of 1,000 ug. of strepto- 
mycin, 500 units of nystatin, and 2,000 units of 
penicillin per milliliter. The suspension then was 
centrifuged and the supernatant fluid inoculated 
as described. Before inoculation, the kidney cell 
cultures were washed with Hanks’ solution and 
lactalbumin hydrolysate medium containing 3 per 
cent bovine serum was added as a maintenance 
medium. 

Cells were examined at least every two days and 
usually every day for evidence of cytopathogenic 
effect. In case of direct cytotoxicity of the fecal 
suspensions, which occurred often, the fluids were 
harvested on the third to fifth day; otherwise, they 
were harvested at seven to ten days. When definite 
eytopathogenic effects were observed, harvests were 
made after extensive destruction of the cells was 
evident. At least one blind passage was made be- 
fore samples were considered negative. 

Several cytopathogenic agents have been isolated 
from the intestinal tracts of both normal swine 
and those showing enteric disturbances. In each 
ease, one isolate from a given group of animals was 
carried through 15 passages in swine kidney cell 
cultures, including several titrations. Filtration 
experiments condueted on each showed that all 
passed a Selas 03 filter with little or no loss of 
titer. Bacteriological examinations of the culture 
fluid, using standard mediums for aerobic and 
anaerobic bacteria, fungi, and pleuropneumonia- 
like organisms were negative. 

The following is a brief account of the 
isolation of these agents and of the cyto- 
pathogenic changes produced in swine kid- 
ney cultures inoculated with 109 t.c.i.d.50 
of the later passages. 

Rectal swab samples were collected from 
a group of 8-week-old pigs with severe diar- 


rhea. Of the nine samples tested, only one 
(virus 11-45) continued to cause destruc- 
tion of the cells when subcultured. In cul- 
tures inoculated with virus 11-45, degenera- 
tion was first observable at approximately 
36 hours, after which the cells were rapidly 
destroyed and fell from the glass surface. 
Destruction was complete within 72 hours. 
Attempts to isolate this agent from the 
same animal several weeks later were 
unsuccessful. 

Virus 11-56b was isolated from an animal 
in the same herd as the animal from which 
virus 11-45 was isolated, approximately ten 
weeks later, at which time none of the pigs 
had diarrhea. This agent produced a type 
of cytopathogenic change entirely different 
from that caused by other agents currently 
under study. Rounded, swollen, highly re- 
fractile cells were observed within 24 hours 
after inoculation, and complete destruction 
occurred within 72 hours. 

Virus 6-6 was isolated from rectal swabs 
collected from a drove of shoats with an 
enteric disturbance. Almost all swine 
brought onto this farm over the past several 
years have developed diarrhea a few days 
after arrival. The clinical disease is mild 
and runs its course in a few days. Cyto- 
pathogenic changes were observed in the 
second passage of all samples and sample 
6-6 was selected for further study. This 
agent causes rapid destruction of the swine 
kidney cells, which is first observed at 24 
hours (fig. 2) and is usually complete at 
48 hours. 

Virus H2 was isolated from fecal samples 
of an apparently normal pig. Cytopatho- 
genic changes were observed in the cultures 
inoculated with the original sample. 

Preliminary studies on the characteristics 
of these viruses have been conducted and 
are summarized (table 2). 

Inoculation of 21-day-old Swiss mice with 
these agents was by intracerebral, intraperi- 
toneal, and subcutaneous injection. Rab- 
bits were inoculated subcutaneously and 
intravenously, in attempts to produce neu- 
tralizing antiserums. Monkey kidney cell 
eultures* and bovine kidney cultures pre- 
pared in the same way as the swine kidney 
cultures were inoculated with 0.1 ml. of 
tissue culture fluid. 

Difficulty has been experienced in pro- 
ducing satisfactory neutralizing antiserums. 
Washing- 


* Obtained from Microbiological Associates, 
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TABLE 2—Characteristics of Viruses Isolated from Swine 


Visible effects in 


Porcine Bovine Monkey Inactivated 

kidney kidney kidney Swiss at 65 C. in 
Virus t.c. t.c. t.c. mice Rabbits 30 min. Av. titer 
11-45 as 4 + 10-5-8 
H2 + = + 10-5-0 


t.c. = tissue culture. 


Rabbits injected intramuscularly with large 
doses of live virus in mineral oil adjuvant 
and then given live virus intravenously at 
weekly intervals produced only low-titer 
(1:64) neutralizing antiserums. Attempts 
to produce antiserums in mice, chickens, 
and guinea pigs have been unsuccessful. 

In addition to the agents listed above, 
several additional cytopathogenic agents 
have been isolated from the intestinal tracts 
of swine. In all, approximately 30 isola- 
tions have been made from eight different 
herds. 

Discussion 


A procedure for the preparation of eul- 
tures of swine kidney cells has been de- 
veloped, with emphasis given to the simpli- 
fication of the technique. Confluent sheets 
of epithelial-type cells in tubes and in bot- 
tles have been obtained consistently. 

The cytopathogenicity of several viruses 
for these cells has been studied. Some of 
these results warrant further consideration. 
The steadily diminishing cytopathogenicity 
observed on passages of herpes simplex 
virus and the rapid cytopathogenicity of 
pseudorabies virus is in direct contrast to 
results reported for these viruses in the 
HeLa ecell.4* While it is not possible to 
eliminate the possibility of rapid inactiva- 
tion of herpes simplex virus, there seemed 
to be a decrease in ecytopathogenicity for 
the swine kidney cells, followed by an in- 
crease on further passage. Such an explana- 
tion would be consistent with considerations 
of the natural hosts of these two viruses 
and the origins of the cells involved. The 
swine kidney cells afford a valuable system 
for the study of the relationships of these 
viruses. 

Our results with infectious canine hepa- 
titis virus were not in agreement with those 
of Fieldsteel and Emery.* However, the 
strain used in our experiments was of tissue 
culture origin. Gillespie * recently has re- 
ported the growth and cytopathogenicity 
of a tissue culture-adapted virus in swine 
kidney cells. 


The recHo-10 virus also was found by 
Guerin and Guerin® to be cytopathogenic 
for swine kidney cells, although other mem- 
bers of the EcHO group are not. Limited 
trials in our laboratory with other ECHO 
viruses have given similar results. The 
ECHO-10 virus is an unusual member of this 
group, in that it has been adapted to suck- 
ling mice by repeated blind passage. 

A number of cytopathogenie agents have 
been isolated from the intestinal tracts of 
swine. That these agents should be con- 
sidered viruses is indicated by their propa- 
gation in the swine kidney cultures, filter- 
ability, resistance to antibiotics, and failure 
to grow on inert mediums. The relative 
ease with which the agents were recovered 
indicates that such viruses are widespread. 
The techniques were such as to select only 
the more resistant viruses that might be 
present and those that would produce a 
rapid destruction of the swine kidney cells. 
Preliminary studies indicate that these vi- 
ruses, aS a group, are resistant to physical 
and chemical agents. 

The significance of these isolated agents 
can not be assessed at this time. It was not 
one of the objectives of this preliminary 
study to do so; it merely confirmed the 
expected. Huebner’ stated: ‘‘New tech- 
niques .. . have reduced the isolation of 
new human and animal viruses from a tech- 
nological feat of high order to an almost 
exasperatingly commonplace occurrence.’’ 

The apparent prevalence of such agents 
leads directly to the problem of nomencla- 
ture or specific designation. If the system 
applied to other similar enteric viruses is 
to be followed, it seems logical that these 
agents should be designated as ‘‘enteric 
cytopathogenic porcine orphan’’ (EcPO) vi- 
ruses and numbers assigned to each strain. 
It would be necessary to show first that they 
are antigenically distinct from such viruses 
isolated from other animals. 

Veterinary medicine has two major ad- 
vantages in the study of such orphan vi- 
ruses. It is possible to perform infectivity 
studies in the host animal and, if necessary, 
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to kill the animal to study fully the effects 
of the disease. This is particularly impor- 
tant with those agents which rarely produce 
a fatal illness to provide necropsy material. 
A second major advantage is the ready- 
made, limited, and confined populations 
which are available for study. Such studies 
are in progress. 


SUMMARY 


1) A simple technique has been used to 
culture successfully, in vitro, epithelial- 
type cells from porcine kidneys obtained 
at abattoirs. 

2) The following known viruses have 
been found to produce cytopathogenic ef- 
feets in these cells: herpes simplex, pseudo- 
rabies, infectious canine hepatitis, New- 
castle disease, and enteric cytopathogenic 
human orphan (strain 10). 

3) Viruses were isolated readily from 
the intestinal tracts of swine, using the 
described tissue culture system. So far, 30 
unidentified viruses from eight swine herds 
have been isolated. Attempts are being 
made to determine their antigenic relation- 
ships and their role, if any, in disease pro- 
duction. Characteristics of four of these 
agents are presented. 
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Studies on Rabbit-Adapted Foot-and-Mouth Disease Virus 
I. Propagation and Pathogenicity 


RAYMUNDO G. CUNHA, D.V.M., and ERVIN A. EICHHORN, V.M.D. 


Rio de Janeiro, Brazil 


THE SUSCEPTIBILITY of rabbits to foot-and- 
mouth disease virus was described many 
years ago by several 13-25 

Inoculation of the tongue of the rabbit results 
in the formation of a primary vesicle and trans- 
mission in series can be obtained successfully, but 
the development of secondary lesions is net of 
regular occurrence and is limited to the buccal 
mucous membranes. 

The recognition of the greater suceptibility of 
the guinea pig led to the abandonment of work 
with rabbits. 

Skinner’s publication,” describing the suscepti- 
bility of unweaned white mice to foot-and-mouth 
disease virus, opened the way to a series of new 
investigations on the susceptibility of newborn 
animals. Infection subsequently has been produced 
in newborn rats, hamsters, pups, calves, kids, lambs, 
and colts, and in day-old chicks. ** 

Nagel,”* in reporting the susceptibility of suck- 
ling guinea pigs, pigs, kittens, and rabbits, de- 
scribed the production of two successive passages 
of foot-and-mouth disease virus in rabbits. 

Gribanov”* described the use of a vaccine pre- 
pared from virus propagated in rabbits. 

Verge et al.” recently reported the successful 
serial passage of strains of three types of foot- 
and-mouth disease virus in rabbits less than 9 
days old. 

In April, 1952, prior to Nagel’s publication, the 
authors began to investigate the propagation of 
foot-and-mouth disease virus in suckling rabbits, 
in the hope of developing a new source of virus 
for vaccine production. This species was selected 
because the gestation period and the rate of fetal 
development are similar to those of mice. 

Reference has been made to preliminary results 
in various publications; a report on the histological 
lesions in rabbits has been published.* * 

In this paper, a description is given of 
the propagation in suckling rabbits of 
strains of foot-and-mouth disease virus of 
the Vallée O, Vallée A, and Waldmann C 
types. The distribution of the virus in the 
rabbit and the results of the inoculation of 


From the Pan American Foot-and-Mouth Disease Cen- 
ter of the Pan American Sanitary Bureau, Rio de 
Janeiro, D.F., Brazil. Dr. Eichhorn is presently with the 
FAO, Rome, Italy. 
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part of the investigation; and Dr. J. L. Saile, for per- 
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cattle with the virus passaged in rabbits 
also are reported. 


MATERIALS AND METHODS 


Strains of Foot-and-Mouth Disease Virus.— 
Strains of Vallée O, Vallée A, and Waldmann C 
types, that had originated from natural outbreaks 
of foot-and-mouth disease in cattle in the state of 
Rio de Janeiro, Brazil, were used. These have been 
identified as the Nilopolis, Sao Bento, and Nova 
Iguacu strains, respectively. 

The type O strain had been passaged once and 
the type A strain had been passaged five times in 
unweaned mice before being used for rabbit in- 
oculation. The type C strain was used without 
previous passage. 

Rabbits.—The rabbits used were purchased from 
a commercial breeder; mothers and their young 
were received 24 hours after birth of the litters. 
Rabbits of increasing age were used in the course 
of the experiments; those 50 days old or older 
had been weaned previously. 

Rabbit Inoculation and Passages.—All infective 
tissues were ground with sterile sand and sus- 
pended in sterile phosphate buffer solution at a 
pH of 7.5 to 7.7 to form a 1:4 suspension. This 
suspension was clarified by centrifugation and the 
supernatant fluid was mixed with an equal volume 
of a mixture of penicillin and streptomycin so as 
to contain 1,000 units of penicillin and 1 mg. of 
streptomycin per milliliter in the final 1:9 sus- 
pension. 

The suspension was stored at 4C. for 30 min- 
utes. Before inoculation, a portion was added to 
fluid thioglycollate medium, in a test of sterility. 
Filtrates of the muscle suspensions of passages 
20, 78, 86, and 136 of the O type strain and of 
the twertieth passages of the A and C type strains 
were prepared, using pads of Seitz EK porosity. 

A group of 3 to 8 rabbits was selected for each 
passage, but 1 to 3 were left uninoculated to serve 
as specificity controls. The rabbits were injected 
intraperitoneally w'th 0.25 to 1.0 ml. of the sus- 
pension, according to age. 

The rabbits were observed several times a day 
for two weeks after inoculation. All sick animals 
were observed at 10:00 p.m., and if found in 
extremis they were transferred to a cold room 
(4C.). Dead rabbits were stored at —2CC. The 
tissue usually harvested was leg muscle but, if a 
large amount of virulent material was required, 
all the musculature was used. The harvested tis- 
sue was stored at —20C. 

On a few occasions, 


the heart, lungs, liver, 
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spleen, kidneys, and brain also were harvested. 

Titration of Virus Suspensions in Unweaned 
Mice.—Tenfold serial dilutions were prepared, 
using phosphate buffer. Each dilution was inocu- 
lated intraperitoneally into groups of 4 to 8 
unweaned mice, 6 to 8 days old, using 0.05 ml. 
per mouse. For titration of muscle tissue, not less 
than 3 Gm. was taken, from several muscles. The 
titration of other tissues was performed by using a 
pool of all identical tissues of the same passage. 
Fifty per cent end points were calculated by the 
method of Reed and Muench.” 

Cattle-——The cattle used were 14 to 18 months 
old, and were obtained from various farms in the 
state of Rio de Janeiro. They were crossbred, with 
Zebu characteristics predominating. 

Cattle Inoculation—The virus was inoculated 
intradermally into the tongue, using approximately 
0.1 ml. of inoculum at each site. Virus titrations 
in cattle were performed by Henderson’s method,” 
using chloral hydrate anesthesia. 

Unless stated otherwise, the cattle were selected 
on the basis of previous examination of their 
serums for the absence of foot-and-mouth disease 
antibodies, using a serum-protection test in un- 
weaned mice.° 

Complement-Firetion Test.—A technique em- 
ploying 50 per cent complement units and spectro- 
photometric readings was 


RESULTS 


Propagation of Virus in Rabbits—Strain 
Nilopolis, Vallée O Type.—This strain has 
been propagated through 137 passages. 
The first 42 passages were made in 1- to 
2-day-old rabbits. 

By the fortieth passage, it was found 
that the virus still was pathogenic for cat- 
tle. Unsatisfactory results were obtained 
with a formolized aluminium hydroxide 
vaccine prepared from this virus. It then 
was thought worthwhile to investigate the 
possibility of adapting the virus to older 
rabbits by gradually increasing the age of 
the rabbits used during the series of pas- 
sages (table 1). 

From the first to the forty-ninth passage, 
muscle was titrated in unweaned mice each 


TABLE i—Age of Rabbits Used in Passage of 
the O Type Strain of Foot-and-Mouth Disease Virus 


Age of rabbits 


Passage 

No. (days) 
lto 42 lto 2 
43 to 54 8 to 10 
55to 69 14 to 16 

70to 77 18 

78to 94 21 

95to 98 24 

99 to 103 28 

104 to 107 30 

108 to 111 40 
50 to 51 


112 to 137 


third or fourth passage. From the forty- 
ninth passage on, as more facilities became 
available, muscle from each passage was 
titrated. 

Muscle from the first passage had a titer 
of 10%-* but, from the fifth to the twentieth 
passages, the titers ranged from 10*° to 
10%6, With a further increase in the num- 
ber of passages to the forty-second, still 
higher titers (107 to 10*-*) were obtained. 
After this, older rabbits were used, and it 
was observed that whenever the age of the 
rabbits was increased the titers tended to 
drop for the first few passages and then 
rise again to a level of about 107-5. 

Strain Sao Bento, Vallée A Type—A 
total of 40 passages was made with this 
strain, using 1- to 15-day-old rabbits. For 
passages 1 to 22, the rabbits were 1 to 7 
days old; for passages 23 to 30, they were 
7 to 8 days old; and for passages 31 to 40, 
they were 14 to 15 days old. 

Infected muscle was titrated from pas- 
sages 2, 5, 15, 20, and all subsequent pas- 
sages. 

The titers of virus ranged from 10*-* to 
107, As with the O type strain, the titer 
increased with the number of passages in 
rabbits of the same age. 

Strain Nova Iguacu, Waldmann C Type. 
—Forty passages were completed with the 
C type strain. One- to 2-day-old rabbits 
were used for passages 1 to 24, 7- to 8-day- 
old rabbits for passages 25 to 28, and 14- 
to 15-day-old rabbits for passages 29 to 40. 

Muscle was titrated from passages 5, 20, 
23, and all subsequent passages. The titers 
ranged from 10* to 107. 

Complement-Fixation Control.— 
Throughout the passages, antigens were 
prepared from infected rabbit muscle and 
checked by the complement-fixation test. 
The results of these tests have shown that, 
with each strain, the virus type has re- 
mained unchanged. 

Distribution of Virus in Different Rabbit 
Tissues—At four different passages of the 
O type strain and at one each of the A and 
C type strains, tissues other than muscle 
were harvested for titration in unweaned 
mice. The tissues or organs were harvested 
separately, washed lightly in normal saline 
solution, and pooled according to the num- 
ber of rabbits used for the passage. 

With the O type strain, titrations were 
made of various tissues from passages 16, 
40, 50, and 76, for which 7, 4, 3, and 3 
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TABLE 2—The Distribution of Foot-and-Mouth Disease Virus in Various Tissues of Rabbits 
of Different Ages 


Virus titers determined in suckling mice 
No. type (days) Muscle Heart Lung Liver Spleen Kidney Brain 
16 0 2 5.6 3.5 3.5 Be a 3.5 3.4 
40 Oo 2 7.0 6.0 4.5 5.3 4.6 4.5 3.7 
50 Oo 1 8.0 6.8 6.3 6.3 7.2 6.0 4.8 
76 oO 18 7.3 4.6 4.3 4.3 4.3 — a 
20 A 5 5.7 4.5 4.5 4.5 5.0 4.7 3.3 
20 Cc 4 6.5 5.0 5.8 5.2 4.3 4.8 3.7 


Titers expressed as powers of 10. 


rabbits, respectively, had been used. Titra- 
tions, using tissues of the twentieth pas- 
sages of the A and C type strains were 
made; 4 rabbits had been used in each case 
(table 2). 

In all instances, muscle tissue showed the 
highest titer and brain tissue the lowest. 

Attempts to Infect Older Rabbits with 
the O Type Strain.—Unsuccessful attempts 
were made on several occasions to infect 
rabbits considerably older than those being 
used. 

Virus of the second passage infected 
rabbits 2 days old, but not those 4 days old. 
The sixty-fifth passage infected 15-day-old 
rabbits, but not 32-day-old rabbits. The 
seventy-fourth passage infected 18-day-old 
but not 31-day-old rabbits. However, rab- 
bits 24 days old were being used success- 
fully by the ninety-fifth passage, 28 days 
old by the ninety-ninth passage, 30 days 
old by the 104th passage, 40 days old by 
the 108th passage, and 50 and 51 days old 
by the 112th and subsequent passages. 

The necessity for gradually increasing 
the age of the rabbits being used for sucess- 
ful infection of older animals is apparent. 

Experiments in this laboratory® had 
shown that cortisone acetate decreased the 
resistance of adult mice to foot-and-mouth 
disease virus. Accordingly, adult rabbits 
weighing 2.5 kg. were inoculated subcuta- 
neously with 100 mg. of cortisone and, five 
hours later, with virus of the twentieth 
passage of the O type strain. These rab- 
bits, as well as control rabbits of the same 
age and weight which were not given corti- 
sone, remained normal. 

Incubation Period and Clinical Signs of 
Disease.—During the earlier passages in 
extremely young rabbits, the incubation 
period varied from 40 to 72 hours but, in 
subsequent passages, it gradually decreased 
to less than 24 hours. In rabbits 14 days 
old and older, the incubation period never 
was less than 24 to 72 hours. 

The first sign of the disease is a redue- 


tion in activity, with evidence of increasing 
weakness in the limbs. In the case of ex- 
tremely young rabbits, the sick animal 
usually is found separated from the rest 
of the litter. Increased weakness, paralysis, 
and the cessation of sucking lead to death 
in one to four days in the earlier passages 
but, in the case of 1- to 2-day-old rabbits 
from the tenth passage on, death occurs 
within 24 hours. Older rabbits die within 
two to five days. 

In 1- to 2-day-old rabbits, the mortality 
was 100 per cent. Occasionally, older rab- 
bits survived the inoculation of virulent 
material. 

Pathogenicity of Virus Passaged in Rab- 
bits for Cattle—Undiluted or diluted sus- 
pensions of muscle from passages 5, 20, 40, 
96, and 111 of the O type strain were in- 
oculated intradermally into the tongues of 
cattle. Each suspension was titrated in un- 
weaned mice. 

The age of the rabbits used, the amount 
of virus, the number of sites inoculated, 
and the number of cattle and their reac- 
tions are given (table 3). Virus suspensions 
prepared at different dates from muscles 
of rabbits in the same group were used in 
the first two experiments with the 111th 
passage material. 

In the last two experiments, material 
from a second 111th passage was used. No 
loss of pathogenicity occurred up to the 
fortieth passage; however, 11 of the 19 
cattle inoculated with ninety-sixth or 111th 
passage material had no reactions, and only 
3 of the remaining 8 had complete general- 
ized infections. 

Similar experiments were done, using 
the twentieth and fortieth passages of the 
A and € type strains (table 3). Although 
the number of cattle used was small, it 
seems certain that little loss of pathoge- 
nicity for cattle has occurred, at least for 
the A type strain. 

Infective tongue epithelium was collected 
from all cattle that developed local lesions 
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TABLE 3—Reactions of Cattle to Intradermal Tongue Inoculation of Rabbit-Passaged Virus 


Age of No. sites and dose of 
Virus Passage rabbits virus inoculated No. cattle inoculated 
type No. (days) (i.d.50) and their reactions 
oO 5 2 4 X 104-5 2 (T, 4F) 
20 2 4 xX 105% 2 (T, 4F) 
40 2 4 X 1083 2 (T, 4F) 
96 24 20 X 105-1 1 (T), 1 (T, 2F) 
111 40 10 X 108.7 3 (Neg.), 1 (T, 4F) 
111 40 10 X 1043 3(T, 2F), 2 (T, 4F) 
111 40 10 X 104-6 4 (Neg.) 
111 40 10 XK 104-8 4 (Neg.) 
A 20 2 6 X 102-5 1 (T, 4F) 
20 2 6 X 103-8 1 (T, 4F) 
40 15 6 X 104-8 3 (T, 4F) 
Cc 20 2 10 XK 103-8 2 (T, 4F) 
40 15 4 X 105-7 1 (T) 
40 15 4 X 104-7 1 (T) 


T =tongue: F = foot: 2F = two feet, etc. 


for determination of the virus type by the 
complement-fixation test. In each case, the 
results showed that the material examined 
was of the same immunological type as 
that used originally. 

With the exception of the 4 cattle used 
in the first two experiments with the O 
type strain, the antibody content of the 
serum of the cattle was determined before 
the inoculation of rabbit virus. In no ani- 
mal was there a significant level of anti- 
body. Antibody levels after inoculation 
and after the challenge of immunity are 
ineluded in the following paper,’ describ- 
ing the immunogenicity of the virus pas- 
saged in rabbits. 


DIscussIon 


Although other authors !!:1%1%?3 have 
described the susceptibility of the young 
rabbit to inoculation with foot-and-month 
disease virus, this paper reports the suc- 
cessful direct passage of the virus through 
a longer series and the successful infection 
of older rabbits. Serial passage in older 
rabbits with the type O strain has resulted 
in a marked reduction in the pathogenicity 
of the virus for cattle. The initial suscep- 
tibility of the cattle used was proved by 
the absence of a significant level of anti- 
body, as determined by serum-protection 
tests in unweaned mice. 

No attempt has been made to substitute 
the unweaned rabbit for the unweaned 
mouse as an indicator of the presence of 
foot-and-mouth disease virus. This would 
present obvious disadvantages. However, 
if the object is to use the animal to obtain 
infective material, a young rabbit yields 
more than a young mouse. The possibility 
of using infective rabbit tissue as a source 


of virus for vaccine production was the 
initial purpose of the investigation. The 
discovery that high serial passage is ac- 
companied by a reduction of pathogenicity 
for cattle suggested the’even more valuable 
application of the modified strain as a live- 
virus vaccine. 
SUMMARY 

One strain each of the Vallée O, Vallée 
A, and Waldmann C types of foot-and- 
mouth disease virus was adapted to the 
young rabbit by serial passage. The 137th, 
fortieth, and fortieth passages, respee- 
tively, were reached. 

Initially, 1- to 2-day-old rabbits were 
used but, by gradually increasing the age 
of the rabbits during the course of pas- 
saging the virus, it was possible to infect 
51-day-old rabbits with the O type strain 
from the 112th passage on. 

With the O type strain, high serial pas- 
sage was accompanied by a marked reduc- 
tion in the pathogenicity for cattle. 
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Studies on Rabbit-Adapted Foot-and-Mouth Disease Virus 
Il. Immunogenicity 


RAYMUNDO G. CUNHA, D.V.M.; IVO TORTURELLA, D.V.M.: 
UBIRATAN M. SERRAO, D.V.M. 


Rio de Janeiro, Brazil 


THE PRECEDING PAPER”? reported the adap- 
tation of strains of foot-and-mouth disease 
virus to the rabbit, the distribution of the 
virus in the rabbit, and the diminution with 
serial passage of the pathogenicity of the 
virus for cattle. 

This paper describes the results of at- 
tempts to immunize cattle, using the rabbit- 
adapted virus for preparation of inacti- 
vated-virus vaccine and also as a modified 
live-virus vaccine. 


MATERIALS AND METHODS 


The description of materials and methods sup- 
plements that in the preceding paper.” 


Brazil. It has since been maintained by serial 
passage in cattle. 

Preparation of Inactivated-Virus Vaccine.—The 
standard type of Schmidt-Waldmann formolized 
aluminium hydroxide vaccine was prepared, using 
a suspension of ground rabbit muscle clarified by 
centrifugation. The virus suspension was titrated 
in unweaned mice. The pH of the vaccine was 
corrected and maintained at 7.6 to 7.8 by the use 
of glycocol buffer. The final concentration of 
aluminium hydroxide gel* was 50 per cent; batches 
of 3 to 4 liters were prepared. 

Each batch of vaccine was tested for non- 
infectivity by tongue and subcutaneous inoculation 
of 2 cattle and by the intraperitoneal inoculation 
of 8 unweaned mice. 


TABLE 1—Results of Vaccination Experiments in Cattle Using Inactivated-Virus Vaccine 
Prepared from Virus of the Fifth Passage in Rabbits 


Original virus 


Dose of content of vac- 
Animal vaccine cine dose Method of 
(No.) (ml.) (i.d.s0) challenge* Lesions 
Al12 5 10° Contact Neg. 
A3 5 10° Contact T, M, 4F 
A6 5 10° Inoculation 
A9 5 10° Inoculation T, 1F 
A60 10 10*%-3 Contact Neg. 
A30 10 10°-3 Inoculation T, 4F 
A90 10 10*-3 Inoculation T, 4F 
A40 10 109-8 Inoculation T, M, 4F 
A80, control Contact 
A82, control Contact 
A85, control Inoculation T, 2F 
A88, control Inoculation T, 4F 
* Challenge was 16 days after vaccination. T= tongue: M=elsewhere in mouth; F = foot 
Strains of Foot-and-Mouth Disease Virus— Modified Live-Virus Vaccine.—Muscle from in- 


Rabbit-Adapted Virus.—The Nilopolis strain, Val- 
lée O type, was used throughout these experiments. 

Bovine Virus.—The virus used for challenge of 
the vaccinated cattle was the Barra Mansa strain, 
Vallée O type, isolated in 1955 from an outbreak 
of the disease in the state of Rio de Janeiro, 


From the Pan American Foot-and-Mouth Disease Cen- 
ter, Pan American Sanitary Bureau, Rio de Janeiro, 
D.F., Brazil. 

The authors thank Dr. W. M. Henderson, director of 
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fixation tests; and Messrs. Antonio Salles and José 
Ribamar, for assisting with the inoculation and obser- 
vation of the experimental animals. 

* Provided by the Instituto de Biologia Animal of the 
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fected rabbits was ground, suspended in phosphate 
buffer solution, and clarified by centrifugation. 
In most instances, the muscle tissue had been har- 
vested earlier, finely chopped and mixed, and 
stored at —20C. The virus suspension was titrated 
in unweaned mice. 

Vaccination of Cattle-——Inactivated vaccine was 
inoculated subcutaneously in the lower part of the 
neck. Live-virus vaceine was inoculated intra- 
dermally on the tongue or intracutaneously on the 
cheek. 

The cattle used in the controlled experiments 
were from 14 to 18 months old. In field trials, 
eattles of various ages were used. All animals 
were crossbred, with Zebu characteristics pre- 
dominating. 
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TABLE 2—Results of Vaccination Experiments in Cattle Using Inactivated-Virus Vaccine 
Prepared from Virus of a Second Fifth Passage in Rabbits 
Original virus 
Dose of content of vac- S 

Animal vaccine cine dose Method of SNI 

(No.) (ml.) (i.d.s0) 0 days 20 days challenge* Lesions 41 days 
21 10 10°? 0.8 2.0 Contact T, 3F >5.7 
22 10 10®-7 1.7 1.7 Contact T, M, 4F >5.7 
23 10 10°-7 1.7 3.0 Inoculation T, 4F >5.7 
24 10 10°®-7 1.3 2.7 Inoculation T, 4F >5.7 
25 20 107-° 1.8 2.2 Contact M, 3F >5.7 
26 20 107-0 1.3 5.0 Contact Neg. >5.7 
27 20 107-° 0.8 2.7 Inoculation y >5.7 
28 20 107-0 ce 2.2 Inoculation T, M, 4F >5.7 
29, control Lv Inoculation T, 4F >5.7 
210, control 1.7 Inoculation T, 4F >5.7 
211, control 1.2 Contact T, 4F >5.7 
212, control 1.8 Contact T, 4F >5.7 

* Challenge was 20 days after vaccination. 
SNI = serum-neutralization indexes: T= tongue; M=elsewhere in mouth; F = foot. 


Challenge of Vaccinated Cattle—Challenge by 
Inoculation.—Vaccinated and control cattle were 
inoculated intradermally on the tongues with a 
suspension of the bovine virus strain. One site of 
inoculation was used. The criterion for protection 
was the absence of secondary lesions. The chal- 
lenge virus was titrated in cattle by Henderson’s 
method,‘ using chloral hydrate anesthesia. 

Challenge by Contact.—Vaccinated and control 
cattle were left in contact with the inoculated 
cattle. The criterion for protection was the ab- 
sence of all lesions. 

Examination of Cattle Serums for the Presence 
of Antibody.—The antibody content of serum 
samples was determined by either the serum- 
neutralization or the serum-protection test in un- 
weaned mice. Details of the techniques used and 
an appraisal of the comparative values of the two 
tests have been published.’ 


RESULTS 


Inactwated-Virus Vaccine-——One batch 


of vaccine was prepared from muscle of 
each of the fifth, a second fifth, and the 
thirty-sixth passages in rabbits. 

In the tests of noninfectivity, 2 ml. of 
vaccine was inoculated intradermally into 
the tongue of each of 2 cattle. The sub- 
cutaneous dose was 15 ml., 20 ml., and 
100 ml., respectively, of each batch. The 
mice were inoculated with 0.05 ml. intra- 
peritoneally. In no case was a positive 
reaction obtained. 

In testing the second and third batches 
of vaccine, blood samples were taken from 
all cattle, and the antibody content of each 
sample was determined. 

Details about the vaccines, antibody 
levels, and results of the challenge of the 
vaccinated and control cattle are given 
(tables 1-3). 

In the first two experiments, although 


TABLE 3—Results of Vaccination Experiments in Cattle Using Inactivated-Virus Vaccine 
Prepared from Virus of the Thirty-sixth Passage in Rabbits 


Original virus 


Dose of content of vac- 


Animal vaccine cine dose SNI Method of SNI 
(No.) (ml.) (i.d.s0) 0 days 20 days challenge* Lesions 41 days 
31 25 108-8 1.1 3.0 {noculation T, M, 4F 2.8 
32 25 108-8 3.7 >4.5 Inoculation Neg. >4.7 
33 25 10*-8 1.5 2.5 Contact T, 4F >4.7 
34 25 108-8 1.2 2.8 Contact T, 4F 3.0 
35 50 10°-1 1.7 2.0 Inoculation T, 4F 2.2 
36 50 10°%-! 0.8 0.8 Inoculation T, 4F 2.0 
37 50 10°-1 4.5 >4.5 Contact Neg. >4.7 
38 50 10°-1 0.8 1.5 Contact T, M, 4F 3.0 
39 100 10°-4 2.5 >4.5 Inoculation Neg. >4.7 
310 100 10°-4 3.5 >4.5 Inoculation Neg. >4.7 
311 100 10°-4 2.5 >4.5 Contact Neg. >4.7 
312 100 10°-4 1.5 1.5 Contact T, M, 4F 3.2 
313, control 1.2 Inoculation T, 4F >4.7 
314, control LF Inoculation T,1F 3.7 
315, control 0.8 Contact T, 4F 2.0 
316, control 4.6 Contact Neg. >4.7 
317, control 1.2 Inoculation T, 4F >4.7 
318, control 0.8 Inoculation T, 4F >4.7 


* Challenge was 20 days after vaccination. 
SNI = serum-neutralization indexes; T = tongue; 


M = elsewhere in mouth; F = foot. 
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TABLE 4—Responses of Cattle to Intradermal Tongue Inoculation and the Results of Challenge 


by Tongue Inoculation with Bovine Virus (10° i.d.o) at 22 Days * 


No. sites and 
dose of rabbit 


SPI 


Animal virus inoculated ___—«—d@wResuilt of SPI 
(No.) (i.d.s0) Reaction 0 days 8 days 15 days 22 days challenge 36 days 
138 10 X 10%7 Neg. 1.0 >5.5 >5.5 >5.5 Neg. >5.8 
139 10 X 108.7 Neg. 0 2.2 3.3 4.1 T >5.8 
145 10 X 10°? Neg. 0.5 2.0 >5.5 5.3 , >5.8 
149 10 X 1087 T, 4F 0 >5.5 >5.5 >5.5 Neg. >5.8 
comtvel seve 1.1 T, 4F >5.8 
160, comtrol 1.2 T,4F >5.8 


* Experiment 1, using modified live virus of the 111th rabbit passage. 


SPI = serum-protection indexes; T = tongue; F = foot. 


the number of cattle used was small, there 
was an indication that the rabbit virus was 
of little value for the preparation of the 
standard type of inactivated-virus vaccine. 

In the third experiment, all cattle that 
resisted challenge initially signifi- 
cantly high levels of antibody, and these 
results must be discarded. There was, 
therefore, no evidence of protection, even 
with the massive quantities of virus used in 
the preparation of the third batch of 
vaccine. 

Modified Live-Virus Vaccine—Controlled 
Experiments.—F our experiments were per- 
formed with rabbit-adapted virus of the 
111th passage (tables 4-7). Intradermal 
tongue and intracutaneous inoculations 


virus is described. A study of the results 
obtained in determining the antibody con- 
tent of the serums of these cattle during 
the experiments shows that, in general, the 
inoculation of rabbit virus was followed 
either by a marked increase in antibody, 
similar to that in a clinically infected ani- 
mal, or by a relatively small increase. This 
suggests that, in the first case, a subclinical 
infection was established by the modified 
strain, with multiplication of virus to pro- 
duce large quantities of antigen. In the 
other case, the antibody simulation would 
be that resulting only from the initial in- 
oculation of antigen. This lower level was, 
however, sufficient to protect the cattle at 
the time of challenge but, without further 


i.d.co) at 21 Days * 


it No. sites and 
dose of rabbit 


Animal virus inoculated Route of 

(No.) (i.d.50) inoculation Reaction 
162 10 X 10%-3 T T, 2F 
163 10 X 10%8 T T, 2F 
167 10 X T, 2F 
155 10 X 108-3 T T, 4F 
168 10 X T 4F 
154 107-8 i.e. Neg. 
164 107-6 i.c. Neg 
166 107-6 i.e Neg. 
157 pus 107-6 i.c Neg 
159 107-6 i.e. Neg 
Contact Neg 
Contact Neg. 


SPI (days) Result of SPI 

0 7 14 21 challenge 36 days 
05 >6.0 >6.0 >6.0 Neg. >5.7 
0.7 >6.0 >6.0 >6.0 Neg. >5.7 
0.0 >6.0 >6.0 >6.0 Neg. >5.7 
0.5 >6.0 >6.0 >6.0 Neg. >5.7 
0.5 0.7 1.3 1.3 ae >5.7 
0.8 >6.0 >6.0 >6.0 Neg. >5.7 
1.0 >6.0 >6.0 >6.0 Neg. >5.7 
1.0 >6.0 >6.0 >6.0 Neg.: >5.7 
0.5 0.5 0.5 1.4 T >5.7 
0.5 >6.0 >6.0 >6.0 T >5.7 
0.5 0.3 1.0 0.8 T, 2F >5.7 
0.7 1.0 0.2 0.5 T, 4F >5.7 


* Experiment 2, using modified live virus of the 111th rabbit passage. 


SP1 = serum-protection indexes; T= tongue; F = foot; i.c. = intracutaneous. 


were used. In three of the experiments, a 
group of cattle was left in contact with 
those that had been vaccinated. Blood 
samples were collected during the course 
of these experiments. In no animal was 
there an initial significant level of anti- 
body, proving that they were susceptible. 

The reactions to rabbit-adapted virus of 
cattle inoculated intradermally on the 
tongue also were given in the preceding 
paper,” in which the pathogenicity of the 


stimulus, a long duration of immunity 
probably could not be expected. 

Seven of 17 cattle (41%) inoculated in 
the tongue with rabbit-adapted virus re- 
acted with clinical infections. Of 21 inocu- 
lated intracutaneously, 2 (10%) reacted 
clinically. Of the 29 nonreactors from both 
groups, 23 (79%) were protected on chal- 
lenge with bovine virus. Of 10 cattle left 
in contact with those vaccinated with rab- 
bit-adapted virus, only 2 showed signifi- 
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TABLE 6—Responses of Cattle to Tongue and Intracutaneous Inoculation and the Results 
of Challenge by Tongue Inoculation of Bovine Virus (10° i.d.o) at 21 Days * 


No. sites and 
dose of rabbit 


Animal virus inoculated Route of SPI (days) Result of SPI 
(No.) (i.d.so) inoculation Reaction 0 7 14 21 challenge 36 days 
202 10 X 104-8 T Neg. 0.3 0.5 1.2 2.2 Neg. >5.5 
204 10 X 101-6 = Neg. 1.0 >5.2 >5.2 >6.0 Neg. >6.0 
206 10 X 1048 = Neg. 0.2 3.0 4.8 2.2 y >5.5 
214 10 X 104-8 T Neg. 0.5 0.2 1.0 1.7 T, 4F >6.0 
201 10°. i.e. Neg. 10 >5.2 >5.2 5.0 > >6.0 
208 — 10°-° i.c. Neg. 0.5 3.0 2.5 2.5 Neg. 3.0 
212 EE. 108° i.e. Neg. 0.7 >5.2 >48 >6.0 Neg. >6.0 
215 i.e. T, 3F >62 364 Neg. >6.0 
205 108° i.¢ Neg. 0.3 1.4 2.0 3.0 = >6.0 
207 i. Neg. 0.5 0.2 1.0 0.9 >6.0 
209 108-9 ic Neg. 0.0 0.0 0.0 0.8 T, 4F >6.0 
210 108-9 ic. Neg. 0.5 0.4 0.5 T, 4F >4.5 
Contact Neg. 0.3 0.5 3.2 4.1 >6.0 
2117 Contact Neg. 0.4 0.0 0.7 0.2 T, 4F >5.5 
2137 Contact Neg 0.5 0.0 0.3 0.5 T, 2F >5.5 
2167 ° Contact Neg. 0.5 0.0 0.2 1.0 T, 4F >6.1 
220, control** 0.2 T, 2F >5.3 
217, control** 0.7 T, 4F >5.3 
218, control** ... 0.0 T, 4F >5.3 

0.4 T, 4F >5.3 


219, control** 


* Experiment 3, using modified live virus of the 111th rabbit passage; { uninoculated, but kept in 
contact with inoculated animals: ** uninoculated and had no contact with inoculated animals. 
SPI = serum-protection indexes; T= tongue; F = foot; i.c. = intracutaneous. 


cant resistance to challenge and in only 1 
was there any rise in antibody during this 
period of contact (serum-protection in- 
dexes of 3.2 at 14 days and 4.1 at 21 days). 

Field Trials.—Following the promising 
results that were obtained in the controlled 
experiments with rabbit-adapted virus of 
the 111th passage, virus of the same pas- 
sage was used in preliminary trials in the 
field. Five farms in the neighborhood of 
Rio de Janeiro were selected and a total of 
142 animals was vaccinated. Because of 
the incidence of foot-and-mouth disease in 
this area, the cattle also were vaccinated 
with Schmidt-Waldmann formolized alu- 


minium hydroxide vaccine* against virus 
types A and C after a period of not less 
than one month after the rabbit virus in- 
oculation. 

The modified live-virus vaccination con- 
sisted of the intracutaneous inoculation of 
2 ml. of a 1:9 virus suspension. Accord- 
ing to the results of titrations in suckling 
mice, this dose of virus was 10®%*, 10%}, 
107-1, 10%1, and i.d.so for animals on 
farms 1 to 5, respectively. Two cattle on 
farm 4 developed lesions of foot-and-mouth 
disease during the second week. The initial 


* Obtained from the Instituto de Biologia Animal of 


the Brazilian Ministry of Agriculture. 


TABLE 7—Responses of Cattle to Tongue and Intracutaneous Inoculation and the Results 
of Challenge by Tongue Inoculation of Bovine Virus (10*° i.d.5) at 21 Days * 


No. sites and 
dose of rabbit 


Animal virus inoculated Route of 

(No.) (i.d.s50) inoculation Reaction 

10 X 104-8 T erosion 
226 10 X 104-8 = Neg. 
234 10 X 104-8 T Neg. 
245 10 X 1048 T Neg. 
252 107-1 i.c. T, 4F 
250 107-1 Neg. 
237 ae 107-1 i.c. Neg 
238 107-1 i.c Neg. 
244 and 107-1 i Neg 
241 107-4 i.c. Neg. 
242 107-4 i.c Neg 
243 seas 107-1 i.c Neg 
Contact Neg. 
Contact Neg. 
Contact Neg 


___SPI (days) SPI 

0 - | 14 21 challenge 36 days 
09 38 Neg. 5.1 
0.5 >5.3 >5.38 >5.5 Neg. >5.6 
0.5 48 >5.8 >5.5 Neg. >5.6 
0.5 >6.0 >6.0 >6.0 Neg. >5.6 
10 >60 >60 4.1 Neg. 33.8 
0.0 0.0 O08 0.0 T, 2F >5.6 
66.°08 10° 12 T, 4F >5.6 
16 Neg. >5.6 
as... T, 4F >5.6 
0.0 00 00 05 T, 4F >5.6 


* Experiment 4, using modified live virus of the 111th rabbit passage; ¢ uninoculated, but kept in con- 


tact with inoculated animals. 


SPI = serum-protection indexes; T= tongue; F = foot; i.c. = intracutaneous. 
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Graph 1—Mean serum-protection indexes (see table 
8) of groups of cattle on farms 1 and 2, during 
the field trial of the modified live-virus vaccine. See 
table 9 for the number of cattle involved. 


degree of susceptibility of the cattle and 
the subsequent development of immunity 
was determined by the collection and test- 
ing of serum samples for the presence of 
O type antibody. This was possible for all 
but 14 of the 142 cattle vaccinated. 

Five months after vaccination, the dis- 
ease was observed in 2 cattle on farm 3. 
The virus strain isolated, however, was of 
the Vallée A type, eliminating the rabbit- 
adapted virus vaccine. The disease was not 
known to occur in other animals during six 
months of observation. 

On the basis of the initial serum-protec- 
tion indexes, the cattle were assigned to 
two groups. Those with an index of 2.0 or 


greater, which should be resistant on chal- 
lenge, were classified as ‘‘initially im- 
mune’’; the remainder, most of which had 
an index of about 1.0, were classified as 
‘‘initially susceptible.’’ 

Tests were made of the serums of all the 
animals on farms 1 and 2 at 0, 7, 14, 21, 
and 30 days and at two, three, four, five, 
and six months (table 8). On other farms, 
these tests were made only at monthly 
intervals. 

The initially susceptible cattle can be 
assigned to groups of those that did and 
did not show an appreciable antibody re- 
sponse at, for instance, two months. Table 
8 has been arranged to show this grouping, 
as well as a grouning of those initially im- 
mune. Vaccination was followed by a rise 
in antibody titer for all animals in this 
last group on all farms. A few susceptible 
animals showed transient responses that 
disappeared during the first month; the 
significance of this has not been discovered. 

The average serum protection index of 
each group is shown graphically (graph 1). 
Unfortunately, the collection of blood sam- 
ples from 3 cattle showing no immune re- 
sponses was not continued after 60 days. 
The mean indexes for groups 2 have not, 
therefore, been calculated beyond this 
point. 

A similar grouping was obtained from 
the results on each of the other farms, with 


TABLE 8—Field Trials of Modified Live Virus of the 111th Rabbit Passage—Serum-Protection 


Indexes of the Vaccinated Cattle on Farms 1 and 2 


Serum protection indexes (days) 


Animal 
Group (No.) 0 7 14 21 30 60 90 120 150 180 
3 1.5 >4.6 >5.8 4.1 >5.5 4.4 3.2 2.5 3.0 2.3 
(initially sus- 4 0.2 >4.6 >5.5 >5.6 >5.6 >5.5 >5.5 5.0 3.2 2.7 
ceptible with 7 1.5 >4.6 >5.8 >5.6 >5.0 5.5 2.5 2.0 4.5 >5.5 
response) 10 2.2 4.1 4.5 4.1 3.8 4.0 1.8 2.5 2.5 2.5 
22 0.5 >4.7 >4.7 >5.8 >5.8 >6.0 >5.5 4.5 2.5 3.3 
23 1.5 >4.7 >4.7 3.1 2.2 3.5 3.5 3.5 4.9 2.7 
25 0.2 0.5 >5.8 >5.8 >6.0 3.5 3.5 1.8 2.2 2 
Mean Be 4.0 5.3 4.9 4.8 4.6 3.6 3.1 3.3 2.9 
II 1 0.2 1.0 1.6 1.0 1.7 1.2 0.9 1.5 1.7 1.5 
(initially sus- 2 1.0 >4.6 5.0 3.2 2.5 2.2 1.9 2.0 2.2 1.8 
ceptible with- 5 1.0 3.0 4.0 1.0 1.8 1.0 0.9 Be 2.2 2.0 
out response) 8 0.5 3.1 >5.8 5.6 2.8 2.0 2.0 1.0 2.8 3.0 
9 2.0 0.7 1.0 0.9 0.5 0.0 0.0 0.8 2.0 1.3 
13 0.2 >6.0 3.0 2.6 3.0 2.3 1.3 0.9 2.5 
18 0.0 0.5 0.5 0.6 0.0 0.0 
19 0.0 0.0 0.0 0.0 0.0 06.0 hive 
20 0.0 0.5 0.9 0.8 0.0 0.0 
21 0.8 >4.7 3.5 5.8 2.6 2.3 1.8 0.5 1.9 1.7 
24 0.0 0.5 0.0 0.6 0.3 1.5 0.8 0.5 0.3 0.1 
Mean 0.5 2.2 2.3 2.0 1.4 
IIt 6 3.3 >4.6 >5.8 >5.6 >5.0 >5.6 4.0 2.9 2.8 3.0 
(initially il 3.8 >5.5 4.3 >4.6 >4.0 4.3 >5.6 >5.6 >6.0 
immune) 
Mean 3.6 5.1 5.1 5.1 4.5 5.0 4.8 4.3 4.4 
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some variation between the proportion of 
animals in each group (table 9). 

The average protection indexes, at 
monthly intervals, of all groups on all 
farms are shown (graph 2). 

The antibody titer in the groups of cat- 
tle which showed responses remained high 
enough throughout the six-month observa- 
tion period to indicate a degree of immu- 
nity that would give complete protection 
against the disease. 


DISCUSSION 


Although these experiments on the prep- 
aration of aluminium hydroxide vaccines, 
using tissue from unweaned rabbits, are 
not extensive, the results do not indicate 
that rabbit-passaged virus would be likely 
to be of value in this connection. This is 
contrary to the results of Gribanov,? who 
reported satisfactory results using rabbit 
tissue. 

Conflicting reports also exist on the use 
of virus passaged in unweaned mice. For 
example, Skinner et al.’ found that a mouse 
virus vaccine apparently gave better pro- 
tection than a bovine virus vaccine, judg- 
ing by the original virus content of the 
vaccines, whereas Waldmann and Nagel § 
concluded that mouse virus vaccines were 
of no value for the immunization of cattle. 

The results obtained with rabbit-pas- 
saged virus as a modified live-virus vaccine 
are more promising. The degree of im- 
munity produced would appear satisfac- 
tory, as indicated by the persistence of an 
antibody titer adequate for protection for 
at least six months. In the field trials, 
however, the proportion of cattie in which 
an immune response occurred was small— 
no more than one third of those susceptible 
initially. This proportion may be influ- 
enced by such factors as the virus dose, the 
number of doses, the route of inoculation, 
and the state of the animal—all of which 
are subjects for further investigation. 

A low degree of pathogenicity still exists 
with the passages that have been made, but 
this does not necessarily render the use of 
such a strain impractical in countries where 
the disease is enzootic. 

In presenting the results of the con- 
trolled experiments with live virus, we 
suggested that the substantial rise in anti- 
body titer that occurred in some animals 
was the result of the establishment of a 
subclinical infection. Pay® found that 


virus without pathogenicity for cattle, fol- 
lowing serial passage in mice or in embryo- 
nating eggs, still was capable of multiply- 
ing in monolayer cultures of bovine tongue 
epithelial cells, but without the production 
of any cytopathogenic effect. He also stated 
that certain attenuated strains may fail to 
multiply in such cultures. 

Our hypothesis is, therefore, that the pro- 
duction of immunity to foot-and-mouth 


6 
@—o INITIALLY SUSCEPTIBLE 
INITIALLY IMMUNE 
Sf 
53 
: 
52 
q 
14 
° 30 60 90 120 150 160 


Days 
Graph 2—Mean serum-protection indexes of groups 
of cattle from all farms during the field trial of the 
modified live-virus vaccine. See table 9 for the 
number of cattle involved. 


disease, following the use of a modified live- 
virus vaccine, probably is dependent on the 
establishment of infection with virus mul- 
tiplication—multiplication that is, how- 
ever, not necessarily cytopathogenic. 

The possibility of spread of a modified 
live virus must be considered. For example, 
Huck and Hudson *® found that a lapinized 
strain of hog cholera virus was unsuitable 
for use in the field, since the virus could 
spread from vaccinated to unvaccinated 
swine, with the production of lesions of 
the disease. In our experiments, there was 
little tendency for the virus to spread, even 
when the clinical disease occurred in some 
cattle inoculated with the rabbit virus. 


TABLE 9—Field Trials of Modified Live Virus of 
the 111th Rabbit Passage—Summary of Results for 
128 of 142 Cattle Vaccinated on Five Farms 


Farms 

Item l and 2 By ci 4 5 Totals 
No. cattle 20 32 45 31 128 
No. initially 

susceptible 18 12 37 18 85 
No. responding 

to vaccine 7 6 8 8 29 
No. initially 

immune 2 20 8 13 43 


Two thirds of the cattle were initially susceptible and one 
third of these became immunized following vaccination. 
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Until the effect of this modified strain 
of virus on young calves or on pregnant 
cows is investigated, our field work is be- 
ing restricted, in case the fatal muscle 
necrosis syndrome of the unweaned mouse 
or rabbit should occur following infection 
of the bovine fetus or calf. 


SUMMARY 


Foot-and-mouth disease virus adapted to 
the :abbit by serial passage was used for 
the preparation of aluminium hydroxide 
inactivated-virus vaccines. The results of 
vaccination experiments in cattle did not 
indicate that this source of virus was of 
any value for this purpose. 

Type O virus of the 111th serial passage 
in rabbits was used in controlled experi- 
ments and in small field trials as a modified 
live-virus vaccine. 

The virus of this passage retained a low 
degree of pathogenicity for cattle. Seven 
of 17 cattle inoculated intradermally on 
the tongues and 2 of 21 inoculated intra- 
cutaneously in controlled experiments be- 
came clinically infected, as did 2 of 142 
cattle inoculated intracutaneously in field 
trials. 

The disease did not appear in cattle that 
had been in contact with the inoculated 
animals. 

The immunity produced by the modified 
live virus was such that 79 per cent of the 


nonreactors in the controlled experiments 
resisted challenge with bovine virus three 
weeks after vaccination. 

In the field trials, an antibody titer ade- 
quate for protection was produced in one 
third of the cattle susceptible initially. 
This adequate titer persisted during a six- 
month observation period. There also was 
an increase in antibody titer in cattle that 
were immune initially—about one third of 
the total vaccinated. 
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Attempts to Immunize Guinea Pigs with Flury Vaccine and 
Subsequent Challenge with Fixed Rabies Virus 


C. HUYGELEN, Dr. Vet. Med., and J. MORTELMANS, Dr. Vet. Med. 


Astrida, Ruanda-Urundi, Belgian Congo 


GUINEA PIGS were inoculated with Flury 
anti-rabies vaccine, by Koprowski and 
Black,? and subsequently challenged with 
street virus. They described a potency test 
based on the immunity of these vaccinated 
animals against street virus. 

The resistance of vaccinated guinea pigs 
to challenge with fixed rabies virus has 
been studied on a small seale by Bindrich,? 
who obtained a significative difference in 
mortality ratio between vaccinated and 
control animals after intramuscular injec- 
tion of a strain* of fixed virus, emulsified 
in a buffered 10 per cent solution of rat 
testicle extract. However, serum from vac- 
cinated guinea pigs was proved to contain 
fixed virus-neutralizing antibodies by se- 
rum-neutralization tests carried out by 
Koprowski and Black.” 

To our knowledge, no other experiments 
have been performed to determine the re- 
sistance of guinea pigs vaccinated with 
Flury vaccine to subsequent challenge with 
fixed virus. 


MATERIALS AND METHODS 


Virus Strains—In all experiments, we used a 
Flury strain having undergone its forty-fifth egg 
passage. A 40 per cent chicken embryo suspen- 
sion was made in normal saline solution, to which 
penicillin and streptomycin were added. Serial 
tenfold dilutions were made of this 40 per cent 
suspension, so that successive 1:25 and 1:250 di- 
lutions of chicken embryo were obtained. 

As the source of fixed virus for challenge pur- 
poses, we used the 1,945th rabbit brain passage of 
a strain originating from the Pasteur Institute in 
Paris. The brain of a sheep, inoculated with this 
strain and killed in extremis, was divided into 100 
parts and kept in a freezer at —15C. Serial ten- 
fold dilutions were made of this brain in normal 
saline solution before each challenge test; 0.2 ml. 
was used for the intracerebral inoculation of 
guinea pigs. 

Animals.—Guinea pigs, weighing 350 to 450 
Gm., were obtained from the breeding colony of 
the laboratory. 

Titration of the vaccine was carried out in the 
usual way by intracerebral inoculation of serial 
tenfold dilutions in Swiss albino mice, obtained 

From the Veterinary Research Laboratory, 


Ruanda-Urundi, Belgian Congo, Africa. 
* Produced by Pitman-Moore Co., Indianapolis, Ind. 


Astrida, 


from the breeding colony of the laboratory. Each 
mouse was given 0.03 ml. of the respective dilu- 
tions and was observed for 21 days; 6 mice were 
used for each dilution. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Determination of the l.d.so of the Strain 
of Fixed Rabies Virus for Guinea Pigs by 
the Intracerebral Route.—Three successive 
experiments were carried out to determine 
the l.d.s9 of the fixed-virus strain used. In 
the first experiment, 24 guinea pigs (4 lots 
of 6 guinea pigs each) were inoculated 
intracerebrally with 0.2 ml. of the sheep 
brain suspension in tenfold dilutions, rang- 
ing from 10-° to 10° (table 1). 

The first experiment demonstrated that 
higher dilutions were required for accurate 
determination of the l.d.s59. Therefore, in 
a second series of guinea pigs inoculated in 
the same way, higher dilutions were used, 
ranging from 10-* to 10-7. A third experi- 
ment confirmed the results of the two pre- 
vious ones with a minor difference, inherent 
to every biological titration. 

The 1.d.59 in experiment 2 was 10-°-8; in 
experiment 3, 10-55. The results were suffi- 
ciently constant to be considered as a basis 
for comparison in further experiments with 
vaccinated guinea pigs. 

The number of days between inoculation 
and death depended on the dilution of the 
virus (table 2). A period of 21 days was 
fixed as the limit for the time of observa- 
tion; the rare mortalities occurring after 
this could not influence the results sig- 
nificantly. 

Vaccination of Guinea Pigs with Flury 
Vaccine.—Three groups of 120 guinea 
pigs each were inoculated, respectively, 


TABLE i—Mortality Ratio of Guinea Pigs After 
Intracerebral Inoculation of Fixed Virus 


Dilution of  Baperiments 

fixed virus 1 2 3 
10-4 4/5 6/6 6/6 
10 3/5 6/6 3/6 
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TABLE 2—Number of Days Between Inoculation of Fixed Virus and Death 


No. days 


Dilution of 


fixed virus 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
10-* 1 12 3 
10-5 1 2 3 1 2 2 1 ease 
10-7 1 1 


* Number of mortalities per day. 


with 40.0 per cent, 4.0 per cent, and 0.04 
per cent suspensions of chicken embryo 
tissue. Each guinea pig was given 1 ml. 
intramuscularly in the hindleg. The mor- 
tality ratios due to the Flury virus were 
high in the first two groups, whereas only 
a small number of deaths occurred (1.0 to 
2.0%) in the third group. The animals of 
the two groups given 40.0 or 4.0 per cent 
suspensions could not be challenged with 
fixed virus during the first three weeks 
after inoculation, since it would have been 
impossible to determine whether the mor- 
talities were due to the Flury vaccine or 
to the fixed virus. This would have led to 
misinterpretation of the results. More re- 
liable results could be obtained only when 
the deaths due to the Flury virus had al- 
most stopped, i.e., after a period of three 
weeks following inoculation. 

Challenge of Vaccinated Guinea Pigs 
with Intracerebral Inoculation of Fixed 
Virus.—On postinoeculation days 8, 15, 22, 
and 31, a certain number of guinea pigs 
were taken from the group given 1 ml. of a 
0.4 per cent suspension of Flury vaccine; 
these animals were inoculated by the intra- 
cerebral route with serial tenfold dilutions 
of fixed virus. Mortalities occurring from 
postinoculation day 5 to 21 were used to 
calculate the mortality ratio (table 3). The 
l.d.xo, caleulated according to the method 
of Reed and Muench, was 10-** on day 8, 
10-®-6 on day 15, on day 22, and 10-*% 
on day 31. 

After the challenge on days 8 and 15, 
higher mortality ratios were noticed than 
in unvaccinated guinea pigs. The cause of 


TABLE 3—Mortality Ratio of Guinea Pigs Fol- 
lowing Challenge By Intracerebral Inoculation of 
Fixed Virus 


Dilution of Postvaccination days 


fixed virus 8 15 22 31 
10-3 6/6 6/6 3/3 3/3 
10-+ 6/6 6/6 4/4 1/2 
10-5 5/6 6/6 4/5 1/4 
10-* 3/6 4/5 1/5 0/3 
10-7 8/6 2/5 


this phenomenon is not clear, but might be 
analogous to the negative immunity phase 
recorded in some other infections. On day 
22, the l.d.s59 returned to the level of the 
mortality ratio of the control animals and, 
on day 31, a slight decrease of the 1.d.50 
was noticed. The latter experiment, how- 
ever, was carried out with a reduced num- 
ber of animals (4 instead of 6 for each 
series), and a higher percentage of these 
died within the first days after the inocu- 
lation of fixed virus. 

The number of animals which died with- 
in the first four days increased proportion- 
ally to the length of the period between 
vaccination and challenge: 0 of 30 after 
challenge on day 8, 2 of 30 on day 15, 9 of 
30 on day 22, and 4 of 16 on day 31. This 
phenomenon may perhaps be attributed to 
an allergy provoked by the previous inocu- 
lation of Flury virus. 

Another experiment with guinea pigs, 
vaccinated with a higher dose of Flury vac- 
eine (1 ml. of a 4% chicken embryo sus- 
pension), confirmed that the immunity 
acquired by vaccinated guinea pigs against 
subsequent intracerebral challenge with 
fixed virus on day 31 was nonexistent or 
negligible. This experiment revealed an 
L.d.so of 10-5-° (all cf 7 died at lesser dilu- 
tions; 0 of 3 at 10-*). One fourth of these 
animals also died during the first four days 
after inoculation, probably because of aller- 
gie reactions. 

Challenge of Vaccinated Guinea Pias by 
Intramuscular Inoculation with Fixed Vi- 
rus.—Ten guinea pigs, vaccinated with 1 
ml. of a 4 per cent suspension of chicken 
embryo tissue, were challenged on post- 
vaccination day 22 by the intramuscular 
route with 1 ml. of a 10 per cent dilution 
of fixed virus. Ten control animals were 
inoculated in the same way with fixed vi- 
rus; in both instances, the injection was 
given in the masseter muscles. Two vac- 
cinated guinea pigs died on postchallenge 
day 3; the remaining 8 and the 10 controls 
died between days 5 and 11. 
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TABLE 4—Challenge of Guinea Pigs, Vaccinated with Several Dilutions of Flury Vaccine, by 
Subsequent Intramuscular Injection of Several Dilutions of Fixed Virus 


Mortality ratio of guinea pigs vaccinated with Flury vaccine 


Dilution of 


Mortality ratio of 


fixed virus 40.0% 4.0% 0.4% control animals 
1:10 1/2 0/2 1/2 2/2 
1:20 0/3 0/3 1/3 2/3 
1:40 0/3 0/3 2/3 2/2 
1:80 0/3 0/3 0/3 2/3 


In an additional experiment, three groups 
of guinea pigs were given 1 ml. of a 40.0 
per cent solution, 1 ml. of a 4.0 per cent 
solution, and 1 ml. of a 0.4 per cent solu- 
tion, respectively. A fourth group served 
as controls. They were challenged on day 
31 with 1 ml. of serial twofold dilutions 
of fixed virus, ranging from 1:10 to 1:80, 
in the masseter muscles (table 4). 

The mortality ratio was much lower in 
the vaccinated guinea pigs than in the con- 
trol animals, but the difference was less 
marked in the group given the 0.4 per cent 
suspension than in the groups vaccinated 
with higher concentrations of Flury vac- 
cine. 

Neutralization Tests—Serum was taken 
from two groups of 4 guinea pigs each 
which had been vaccinated with a 40 per 
cent embryo suspension 30 days previously. 
Serial tenfold dilutions of fixed virus were 
mixed with equal volumes of this serum. 
The serums of the individuals within each 
group had been mixed previously, but in- 
dividual titration of the antibody level of 
each guinea pig was not carried out, since 
it had been clearly demonstrated by Kop- 
rowski and Black ? that no direct relation- 
ship exists between the antibody titer of 
an individual animal and its resistance to 
challenge with rabies virus. Guinea pigs 
showing a serum titer of 1:10 or lower, as 
well as those showing a titer of 1:655, 
seemed to be protected against challenge 
inoculation. 

The neutralization tests demonstrated 
the presence of fixed virus-neutralizing 
antibodies. The 1.d.59’s in the two groups 
were 10-75 and 10-*-", respectively, whereas 
the 1.d.59 in control animals was 10-56, 


DISCUSSION 


The aim of these experiments was to 
find a potency test for live-virus rabies 
vaccine based on a challenge inoculation 
of fixed virus. Street virus is too dangerous 
to be used in routine testing of rabies vac- 
cine in laboratories not equipped for this 
purpose. 

For the potency determination of fixed- 


virus vaccines (chiefly, phenolized vac- 
cines), the Habel test is used in many 
countries. It has the advantage of being 
simple and safe and requires only a short 
time before results are obtained. However, 
this test is carried out in a way which is 
different from natural rabies infection, not 
only because fixed virus is used instead of 
street virus, but because the virus is ad- 
ministered intracerebrally. 

Recently, Krause * studied another test 
using fixed virus by plantar instead of 
intracerebral inoculation. These experi- 
ments seem to give reliable results for the 
testing of different fixed-virus vaccines 
(Semple, Hempt); the mortality curves, 
instead of being biphasic or multiphasic, as 
observed in the Habel test, were all mono- 
phasic. 


SUMMARY AND CONCLUSIONS 


Guinea pigs, vaccinated by intramuscular 
injection of Flury vaccine, were challanged 
by the intracerebral route with a strain of 
fixed rabies virus on postvaccination days 
8, 15, 22, and 31. Resistance to this chal- 
lenge was either negligible or nonexistent. 

Guinea pigs vaccinated in the same way, 
but challenged with fixed virus by the 
intramuscular route, appeared to have 
better protection. 

Serum-neutralization tests proved the 
presence of fixed virus-neutralizing anti- 
bodies in the serum of vaccinated guinea 
pigs. 

These experiments indicate that challenge 
by intracerebral inoculation of fixed virvs 
is of no value in testing Flury vaccine in 
guinea pigs. 
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Characterization of Vibrio Fetus Antigens 
1. Chemical Properties and Serological 
Activities of a Soluble Antigen 


MIODRAG RISTIC, Dipl.Vet., D.V.M., M.S., and C. A. BRANDLY, D.V.M., M.S. 


Urbana, Illinois 


ALTHOUGH the immunoserological features 
of Vibrio fetus have been studied in some 
detail, comparatively little work has been 
reported on the isolation and characteriza- 
tion of soluble antigens from the organism. 

In an attempt to isolate a soluble substance from 
V. fetus, Gallut? used the method originally de- 
scribed by Palmer and Gerlough™ with typhoid 
organisms. Gallut isolated two antigenic substances 
on the basis of V. fetus solubility in 95 per cent 
phenol. From the phenol-insoluble fraction, he iso- 
lated a water-soluble substance which reacted posi- 
tively to the Molisch test and, therefore, was 
considered carbohydrate in nature. The phenol- 
soluble fraction gave a negative reaction to the 
Molisch test and a positive reaction to the biuret, 
xanthoproteic, and Millon tests. It, therefore, was 
considered to be proteinaceous in nature. When 
the two fractions were used in precipitation tests, 
the phenol-soluble substance was antigenically 
shared by most of the strains studied. 

Gallut did not relate the newly described colo- 
nial variational phenomena of V. fetus to their 
usual concomitant antigenic changes.” Cultures 
from which soluble antigens were secured could 
have been in various stages of dissociation which 
eventually would reflect the qualitative and quan- 
titative configuration of the antigen. 

The over-all purpose of this study was 
the isolation of a soluble antigen from a 
smooth form of V. fetus cells to be used for 
detection of specific circulating antibodies. 

This paper describes a simple method of 
extracting a heat-stable, water-soluble anti- 
genic substance from the smooth cells of 
V. fetus. In addition to the conventional 
chemical procedures, chromatographic tech- 
niques and ultraviolet absorption spectre 
were used in the identification of the com- 
ponents of this antigenic fraction. Precipi- 
tation reaction in gels was one of several 
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serological tests used in studies of antigenic 
reactivity of the substance. 


MATERIALS AND METHODS 


Preparation of Cells—-A smooth form of JV. 
fetus, strain UF, originally isolated from the stom- 
ach content of an aborted fetus by the senior author 
in 1953, was the source of a heat-stable, water- 
soluble fraction (Hs). To select a smooth form, the 
V. fetus culture was streaked on solid Brucella- 
Albimi * agar plates. To facilitate obtaining dis- 
crete colonies, 0.5 per cent agar was added, which 
resulted in a 2.0 per cent final agar concentration 
of the medium. 

After incubation in an atmosphere of 45.0 per 
cent COs for 72 hours at 37C., the colonies were 
examined under x 45 magnification, using oblique, 


transmitted light according to the method of Henry.* 


Several transfers were made and smooth variants 
selected each time until growth was secured which 
represented a pure smooth colony population. The 
growth was washed off with 6.0 ml. of sterile 0.85 
per cent sodium chloride solution, and 0.5 ml. of 
the resulting suspension was inoculated on Brucella- 
Albimi agar in 16-0z. prescription bottles. A loop- 
ful of the inoculum was streaked on a duplicate 
Brucella-Albimi agar plate, which served as a con- 
trol of the smooth variant stability. 

The cultures were incubated in the manner de- 
scribed previously. After incubation, cultures were 
removed from the agar surface with sterile 0.85 
per cent sodium chloride solution and washed by 
means of three successive centrifugations at 2,500 
g. The packed cells were stored at 4C. until a 
desired amount could be harvested. The packed 
cells were vacuum dried at room temperature for 
four days, after which time they were weighed. 

Isolation of Fraction.—The fractionation proce- 
dure is outlined (graph 1). To 2.216 Gm. of dried 
cells, 25 ml. of distilled water, pH 7, was added 
and the suspension was immersed in boiling water 
for two hours. The material was centrifuged at 
3,000 g and the resulting yellowish brown superna- 
tant fluid was collected and stored at 4C. The 
sediment was similarly heat treated two additional 
times. This was followed by collection and separate 
preservation. To each lot of the supernatant fluid, 
2.4 Gm. of sodium acetate in 10 ml. of distilled 
water was added at 0C. Each solution was poured 
drop by drop into 2 volumes of absolute ethyl 


* A product of Albimi Laboratories, Brooklyn, N.Y. 
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Packed Vibrio fetus cells are vacuum 
dried for three to four days. 


Dried cells are suspended in dis- 
tilled water and heated for two 
hours in a boiling water bath. 


Precipitate is collected by centrifu- 
gation at 4,000 g, vacuum dried for 
48 hours, dissolved in distilled wa- 
ter. After two subsequent precipita- 
tions, the HS substance is used in 
the test. 


The suspension is centrifuged at 
3,000 


g, and the supernatant fluid is| 


diluted with distilled water containing 
12.4 Gm. NaAc, added at 0 C. 


4 
The solution is precipitated drop by 
drop in absolute alcohol at -10 C. A 
brownish, granular precipitate is 
formed. 


Graph 1—The isolation of heat-stable (HS) soluble antigen from the smooth form of Vibrio 
fetus, strain UF. 


aleohol which was cooled to —10C. A brownish 
granular precipitate was formed immediately. The 
precipitate was collected by centrifugation at 4,000 
g for 15 minutes. The sediment was vacuum dried 
for 48 hours, after which it was dissolved in 30 ml. 
of distilled water. Further purification of the frac- 
tion was accomplished by two successive precipita- 
tions. Ten milligrams of the fraction HS was 
added to 2 ml. of distilled water, and the material 
was stored at —20C. until used. 

Analytical Procedure.—Total solids were deter- 
mined by drying aliquots in vacuum at room tem- 
perature to a constant weight. The biuret, Millon, 
xanthoproteic, ninhydrin, and Molisch tests were 
used to determine the general nature of nonhydro- 
lyzed specimens of the substance. Total nitrogen 
determinations were accomplished by a micro- 
Kjeldahl procedure, using K2SO.-CuSO, as the 
digestion catalyst. Total carbohydrates were de- 
termined colorimetrically with anthrone reagent ac- 
cording to the method of Morris.’ Total pentose 
was determined with orcinol-ferrie chloride rea- 
gent.* For phosphorus determination, the sample 
was digested with 10 N H2SO, in the oven for 30 
to 60 minutes at 130 to 160C., and the total in- 
organic phosphorus was determined by means of 
Fiske-Subbrow tests.“ 

The paper chromatography technique originally 
introduced by Martin and Synge® was used for 


identification of the reducing sugars and amino 
acids liberated by acid hydrolysis of the fraction. 
The following solvents were used: water-saturated 
phenol, water-saturated phenol in an atmosphere of 
ammonia, water-saturated phenol-acetiec acid, and 
n-butanol acetic acid-water. Silver nitrate, triphen- 
yltetrazolium chloride, aniline hydrogen phthalate, 
and Bial’s orecinol reagent were used as color de- 
veloping agents in the identification of reducing 
sugars. Detection of amino acids on chromatograms 
was accomplished, using 0.25 per cent ninhydrin 
reagent in acetone. 

To determine pH stability of the substance, M-5 
acetate buffers were used for the pH values from 
3.0 to 6.0, while M-5 phosphate buffers were used 
for the pH values from 6.0 to 11.0. Ultraviolet ab- 
sorption spectra were measured on the Beckman DU 
spectrophotometer. Bovine serum was used as the 
comparative protein-containing sample. 

Serological Methods—Preparation of Antiserum 
Against HS Fraction.—Animals were inoculated 
with a series of four injections at four-day inter- 
vals. Each inoculum consisted of 1 mg. of the Hs 
fraction in 1 ml. of 0.85 per cent sodium chloride 
solution. One rabbit was inoculated intravenously, 
1 rabbit intramuscularly, and 1 guinea pig intra- 
mus¢eularly. The animals were exsanguinated by 
eardiae puncture five days after the final injection. 
Four hours after collection, the serum was removed 


TABLE 1—Yield and Composition of Fraction HS of Smooth Form of Vibrio Fetus, Strain UF 


Dry weight Hours of Yield of 
of cells boiling solids 
2.216 Gm. 2 0.325 Gm. 

4 0.043 Gm. 
6 0.030 Gm. 
Total, 0.398 Gm. 
(17.9%) 
Carbohydrate differential 
Pentoses (ribose) 14% 
Hexoses 0% 


Total 


Total Total 
nitrogen carbohydrate phosphorus 
13% 14% 6.5% 


Amino acids differential 

(1) Lysine (4) Valine 

(2) Arginine (5) Leucine 

(3) Threonine (6) Serine 
(7) Alanine 


Total solids were determined by drying aliquots to constant weight in vacuum. Determinations of 
nitrogen were done by the micro-Kjeldahl test; of total carbohydate, by anthron reagent; pentoses, by the 


Meijbaum test; phosphorus by the Fiske-Subbrow test. 


done by paper chromatography. 


Carbohydrate and amino acid differentials were 
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the MacFarland nephelometer. Agglutination tests 
were conducted by preparing a 1:5 dilution of the 
specific antiserum in formaldehyde-saline solution, 
Subsequent dilutions consisted of serial transfers 
of 0.5-ml. amounts of the diluted antiserum in 0.5 
Antigen in 
the amount of 0.5 ml. was added to make final dilu- 
tions (1:10, 1:20, ete.). The mixtures were ineu- 
bated at 37 C. for 40 to 48 hours before results were 
recorded. The criterion for complete agglutination 
was evidence of clearing with presence of clumps 


Inhibition of Specific Agglutination by HS Frae- 
tion.—Hyperimmune serums from rabbits which 
had been injected with whole V. fetus variant eul- 
tures and whose serums agglutinated homologous 
antigens to high titers were selected for this pur- 
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WAVELENGTH IN MU 
Graph 2—The ultraviolet absorption spectra of the 
heat-stable fraction (HS) and normal bovine 
serum. 
and stored at —20C. in a sealed container in 1-ml. 
amounts. 

Agglutination Test.—Antigens were prepared by 
growing the organisms on Brucella-Albimi agar 
(2.0% agar) in 16-0z. prescription bottles. The 
bottles were ineubated as described previously. 
Formolized antigens were prepared by suspending 
the cells in 0.3 per cent formaldehyde solution con- 
taining 0.85 per cert sodium chloride. Heat-treated 
antigens were prepared by boiling washed cells for 
two hours, washing them twice by centrifugation 
and, finally, resuspending the cells in 0.3 per cent 
formaldehyde-saline solution. The concentrated anti- 
gens were stored in the refrigerator. Prior to use, 
the antigens were standardized to a density of 
approximately 55.0 per cent light transmission of 
the suspensions in formaldehyde-saline solution, 
using a Leitz photoelectric colorimeter with a 550 
mu filter. This density approximated tube 3 of 


OPTICAL DENSITY 


Graph 3—The stability of the heat-stable fraction 

(HS) at various pH values. One milligram of HS 

in 5.0 ml. of a buffer was used for each point 
plotted. 


test, a serum dilution 
near the end point of agglutination was selected; 
it contained four times the concentration of serum 
of the highest tube which, after two hours’ ineuba- 
tion at 56C. in a water bath, consistently gave a 
definite agglutination reaction with homologous 
whole cell preparations. Five tenths milliliter of 
the selected antiserum dilution was added to a 
series of tubes containing 0.5 ml. of serial dilutions 
of the HS substance, to be tested for its ability to 
inhibit the specific agglutination. After two hours’ 
incubation at 56 C. in a water bath, 1.0 ml. of the 
whole cell antigen suspension was added to each 
tube and the tests were incubated for an additional 
two hours. Appropriate control tubes in which 
saline solution was substituted for HS substance 
were included in the test. 


Precipitation Reaction in Gel.—The double dif- 
fusion technique of Ouchterlony’ was used; in 
this technique, zones of precipitate are formed 
when antibody and antigen are allowed to inter- 
diffuse in a thin layer of agar. An agar layer, 
approximately 1 mm. in thickness, was prepared 
in a Petri dish and allowed to dry and harden. A 
metal template, with three %¢-sq.-inch legs attached 
to the upper metal support plate, was placed in a 
dish. A layer, approximately 3 mm. thick, of 2.0 
per cent melted Bacto agar containing 0.85 per 
cent NaCl and 0.5 per cent phenol was poured into 
the dish over the basic agar layer and allowed to 
harden. When the template was removed, the de- 
pressions remained in the agar, one of which was 
filled with approximately 0.3 ml. of 10 mg./100 ml. 
HS fraction, while the other two openings were 
filled with the antiserums being examined. The 
plates were left at room temperature and the zones 
of precipitate observed and recorded after four 
days. 

RESULTS 

Purified fraction Hs reacted positively to 
the Molisch test for carbohydrates and nega- 
tively to the biuret, Millon, xanthoproteie, 
and ninhydrin tests for proteins. Data are 
presented on yield and chemical composi- 
tion of the soluble fraction us (table 1). 
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TABLE 2—Agglutination Reaction Between Three Types of Antiserums Produced Against 
Fraction HS and Variants of Vibrio Fetus, Strain UF 


Antiserums against fraction HS 


Rabbits injected Guinea pigs injected 


Strain Variant Antigen form Intravenously Intramuscularly ; Intramuscularly 
Smooth Formolized * 640 ** 80 40 
UF Smooth Heated + 5,120 160 20 
Rough Formolized 40 80 40 
Rough Heated 80 40 40 


* Suspended in 0.3 per cent formaldehyde-saline 
** titer expressed as reciprocal of serum dilution. 
Fraction HS was secured from smooth variant of 


From 2.216 Gm. of dried cells, a total of 
0.398 Gm. (or 17.9%) of purified fraction 
was obtained. The first two hours of heat 
treatment yielded 0.312 Gm., while a total 
of 0.073 Gm. of the fraction resulted from 
the subsequent four-hour treatment. Total 
nitrogen content was 13.0 per cent. Total 
carbohydrate, calculated as glucose, was 
14.0 per cent. After acid hydrolysis, total 
carbohydrate remained the same as in un- 
hydrolyzed material. All of the ecarbohy- 
drate was represented by pentoses as deter- 
mined with orcinol-ferric chloride reagent. 
The total content of inorganic phosphorus 
was 6.5 per cent. The paper chromato- 
graphic method demonstrated the presence 
of the following amino acids: lysine, argi- 
nine, threonine, valine, leucine, serine, and 
alanine. 

Individual amino acids were identified 
by simultaneously employing specimens of 
known amino acids and determining com- 
paratively the Rf values, using various 
solvents. Fraction us exhibited maximal 
ultraviolet absorption at 257 to 260 mypz 
(graph 2). 

The solutions containing Hs fraction gen- 
erally were neutral or slightly acid in reac- 


solution: heated for two hours in boiling water; 


strain UF. 


tion. The fraction showed no buffering 
capacity. The solutions of the fraction 
remained stable when mixed with M-5 phos- 
phate buffer throughout the pH range of 
6.0 to 11.0. When the serial pH values from 
6.0 to 3.0 were prepared by use of M-5 
acetate buffer, progressive increase of cloud- 
iness resulted until flocculation occurred at 
pH 3.5, with maximal reaction at pH 3.0 
(graph 3). In the absence of salts, the ad- 
dition of acids (acetic or hydrochloric) pro- 
duced increase of turbidity with flocculation 
at pH 3.5. When a trace of alkali was added 
to restore a neutral reaction, the precipitate 
was dissolved completely. 

The antiserum obtained from a rabbit 
following intravenous injection of us frac- 
tion revealed the presence of antibody ca- 
pable of agglutinating the cells of V. fetus, 
strain UF, as follows: smooth formolized 
cells and smooth heated cells were aggluti- 
nated in serum dilutions of 1:640 and 
1: 5,120, respectively (table 2). Rough for- 
molized and rough heated cells were agglu- 
tinated in dilutions of 1:40 and 1:80, re- 
spectively. The antiserum resulting from 
intramuscular injections reacted in consid- 
erably lower dilutions with several antigens 


TABLE 3—Inhibition of Specific Vibrio Fetus Agglutination Reactions by HS Fraction 
of Strain UF 


Specific V. fetus antiserums 


Antigen 


source Antigen form 
Smooth, formolized 
UF, Smooth, heated ** 
bovine Rough, formolized 
Rough, heated 
Smooth, formolized 
IlL., Smooth, heated 
ovine Rough,formolized 
Rough, heated 
Smooth, formolized 
1134, Smooth, heated 
human Rough, formolized 


Rough, heated 


Greatest dilution of 
HS fraction which 
inhibited agglutination 


Homologous 
agglutination titer 


5,120 1:64 * 
5,120 1:128 
20,480 1:512 
5,120 1:512 
1,280 1:16 
2,560 1:128 
1,280 1:1,024 
5,120 1:512 
1,280 
2,560 No 
640 inhibition 
320 


* Original concentration of fraction HS from which dilutions were made was 1 mg./1.00 ml. of saline 


solution ; 
water. 


+ suspended in 0.3 per cent formaldehyde-saline solution; 


** heated for two hours in boiling 
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of UF strain than did that secured after 
intravenous injection. The maximum agglu- 
tination titer obtained with antiserum pro- 
daced by intramuscular injections of guinea 
pigs was 1:40. 

Serial dilutions of fraction Hs were made 
in saline solution and tested for their ability 
to inhibit the specific agglutination. Results 
of this test are summarized (table 3). Vari- 
ous concentrations of fraction Hs were capa- 
ble of blocking agglutination of the variants 
of the homologous strain UF of bovine ori- 
gin, as well as within the strain Il. of ovine 
origin. There was no inhibition of agglu- 
tination reaction of strain 1134 of human 
origin. The greatest amount of the fraction 
needed to inhibit the agglutination reaction 
was 0.125 mg., in the case of smooth formol- 
ized variant of strain IIl., while the least 
amount required was 0.0010 mg., in the 
ease of rough formolized variant of strain 
Il. 

The results of precipitation reactions in 
gels are presented (table 4). Precipitation 


TABLE 4—Precipitation Reaction in Gel Between 

Fraction HS of Smooth Vibrio Fetus, Strain UF, 

and Specific Antiserums of Homologous Variant 
Antigens 


Specific antiserum against fraction HS 
(0.1 mg./1.0 ml.) 


Strain Variant Antigen form Precipitation reactions 


Smooth Formolized * (+) (-—) 

UF Smooth Heated ¢ (+) (+) 
Rough Formolized (+) (—) (+) 
Rough Heated (+) (-—) 


* Suspended in 0.3 per cent formaldehyde-saline solu- 
tion; + heated for two hours in boiling water. 

(+) = reaction of identity; (+) = reaction of partial 
identity; and (—) = reaction of nonidentity. 


of identity was observed with each of the 
four variant antiserums. Precipitation of 
partial identity was observed with anti- 
serums of smooth heated and rough formol- 
ized variant cells. Precipitation of no iden- 
tity was shown by antiserums of smooth 
formolized cells and rough variant cells. 


DISCUSSION 


This study has been directed toward de- 
velopment of methods of isolation and iden- 
tification of an antigenic substance common 
to V. fetus strains. Although the amount 
of us fraction needed to inhibit specific ag- 
glutination reactions varied with the vari- 
ant strain used, the results indicated that 
the fraction is antigenically shared by 
strains UF and IIl., of bovine and ovine 
origin, respectively. It was established by 


Wiidik and Hlidar*® and Ristie et al. 
that serogroups of V. fetus contain, in addi- 
tion to flagellar H antigens, somatic ther- 
mostable O antigens and thermolabile 
superficial or envelope antigens. In our 
study, the antiserum against fraction Hs 
contained agglutinating antibody against 
both, 7.e., of heated antigens, from which 
cells a heat-labile portion was removed, and 
formolized antigens, represented by intact 
cells with their heat-labile cell layers pres- 
ent. In view of this fact, the us fraction 
appears to be a heat-stable component of 
the deeper structure of the cell occuring 
also within the heat-labile superficial por- 
tion of the V. fetus body.’ It is generally 
understood that dominant or major antigen 
or antigens are primarily manifested in 
bacterial agglutination tests. The fact that 
the free substance, Hs, was capable of in- 
hibiting whole cell agglutination reaction 
characterizes it as being more than a sec- 
ondary antigenic component of the cell. 

A number of workers have freed a poly- 
saccharide-protein complex from gram- 
negative bacteria.** 11:45 These bacterial 
components represented QO-specific antigens 
in which the polysaccharide part was a de- 
terminant of specificity, while the protein 
portion generally contributed to increased 
antigenicity. More recent work * has shown 
that a complex hapten can produce anti- 
bodies in mice, horses, and human beings. 
Fraction Hs was capable of producing the 
antibody and reacting specifically with such 
an antibody. However, the tests used failed 
to demonstrate the presence of protein in 
the fraction, making it difficult to distin- 
guish between a complete antigen and com- 
plex hapten with respect to the antigenic 
identity of us fraction. The presence of 
seven amino acids (lysine, arginine, threo- 
nine, valine, leucine, serine, and alanine) 
may represent protein-like material similar 
to that observed by Miles and Pirie ® in ex- 
tracts from Brucella species. Such mate- 
rial would contribute increasingly to the 
antigenicity of us fraction. 

The nucleoproteins are known to absorb 
the maximum ultraviolet spectra at a wave 
length of 260 my, while proteins exhibit 
this characteristic at a wave length of 280 
mp. Fraction Hs demonstrated an ultra- 
violet absorption peak at 257 to 260 my, 
which would indicate the presence of nucleo- 
protein or fractions of nucleoprotein. In 
agreement with this finding are the phos- 
phorus content and the presence of ribose. 
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Purines and pyrimidines, however, were 
not detected by paper chromatographic 
methods with any of the stains used. It 
should be mentioned, nevertheless, that un- 
stained areas corresponding with Rf values 
of purines and pyrimidines were observed 
when filter paper containing hydrolyzed 
fraction Hs was exposed to ultraviolet light 
in a dark room. The presence of immuno- 
logically reactive nucleoproteins and sero- 
logically active pentoses associated with 
polysaccharides have been described as bac- 
terial components. It should be pointed 
out, however, that the Hs substance failed 
to meet the criteria characterizing proteins, 
i.e., (1) it failed to give positive reactions 
with the ninhydrin, Millon, xanthroproteic, 
and biuret tests; (2) it migrated easily 
in chromatogram paper; (3) it exhibited 
great heat stability without denaturation 
of its antigenic behavior. 

The method of isolation of the soluble 
fraction may be improved by decreasing 
the boiling exposure time, in which case 
danger of degrading native cellular con- 
stituents will be minimized. In order not 
to damage possible thermolabile serolog- 
ically active antigen, or antigens, inherent 
in the living V. fetus cell, the isolation by 
heat could be initiated and accomplished by 
enzyme digestion or treatment of other 
kind. In preliminary studies, a water-solu- 
ble protein-polysaccharide substance was 
obtained from V. fetus by combined treat- 
ment of cells with phenol and heat for ten 
to 15 minutes. 

Antigenic heterogeneity among V. fetus 
strains and colonial dissociation with con- 
comitant antigenic variation within the sin- 
gle strain makes selection of a reliable test 
antigen more difficult and time consuming. 
In view of this fact, additional studies are 
needed, with reference to the isolation of an 
antigen common to all strains of V. fetus 
and restricted to this species. 


SUMMARY 


A heat-stable, water-soluble substance, 
termed ‘‘us,’’ apparently partly polysac- 
charide in nature, was isolated from smooth 
Vibrio fetus cells of bovine origin. Its car- 
bohydrates yielded only pentoses on hydrol- 


ysis. Seven amino acids were identified in 
the fraction. The fraction contained 14.0 
per cent nitrogen and 6.5 per cent phos- 
phorus. Immunological reactivity of the 
fraction was demonstrated by production of 
agglutinating antibody in the rabbit and 
guinea pig. Fraction Hs was serologically 
active in gel precipitation tests and was 
capable of inhibiting a specific agglutina- 
tion reaction. 
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Characterization of Vibrio Fetus Antigens. II. Agglutination 
of Polysaccharide-Sensitized Sheep Erythrocytes by 
Specific Antiserums 


MIODRAG RISTIC, Dipl.Vet., D.V.M., M.S., and C. A. BRANDLY, D.V.M., M.S. 


Urbana, Illinois 


THE EXISTENCE in vivo of at least two colo- 
nial types with corresponding cellular and 
antigenic characteristics has been shown 
among Vibrio fetus species of bovine ori- 
gin.2° On the basis of cross-agglutination 
reactions, strain specificity was shown by 
smooth types while cross reaction was mani- 
fested among mucoid and rough variants of 
homologous and heterologous strains.* 
In addition, thermostable antigens of V. 
fetus variants were serologically shared with 
hydrogen sulfide-positive vibrios isolated in 
mucoid cut-glass colony Under 
these circumstances, the bacterial aggluti- 
nation test does not appear satisfactory as 
a means of detecting specific circulating 
antibodies against V. fetus, nor is it of prac- 
tical use in identifying cultures isolated 
from animals with suspected infections. 

It is established that certain bacterial 
antigens may be adsorbed on erythrocytes, 
thus rendering these erythrocytes specif- 
ically agglutinable by the serum anti- 
body directed against the substances ad- 
sorbed.':*:8 While specific pretreatment of 
erythrocytes with tannic acid is necessary 
to make adsorption of protein antigens pos- 
sible, the polysaccharide antigens are ad- 
sorbed on the intact washed erythrocytes. 
The soluble V. fetus antigen, ‘‘us,’’ the 
isolation and chemical nature of which were 
considered in the preceding paper,’® was 
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found adsorbable on intact washed sheep 
erythrocytes, rendering these cells aggluti- 
nable by specific blood serum antibodies. 
This report describes observations on the 
agglutination of erythrocytes, sensitized 
with Hs antigen, by the anti-V. fetus se- 
rums produced by injection of rabbits and 
those collected from naturally infected 
bulls. In addition, specific inhibition of 
hemagglutination reaction is reported. 


MATERIALS AND METHODS 


Vibrio fetus strains used in this study (table 1) 
were isolated from one of the following sources: 
stomach contents of aborted fetuses, vaginal and 
cervical mucosa of cattle and sheep, and blood of 
human beings in which a subacute bacterial endo- 
carditis was diagnosed.” Unless indicated differ- 
ently, only smooth forms of V. fetus strains were 
used for production of antiserums and Hs fractions. 
The methods used for isolation and propagation 


TABLE 1—Origin and Biochemical Characteristics 
of Vibrio Fetus and Related Vibrio Strains 


Catalase 
Origin Strain production production 
UF + 
Bovine B-1 
aborted fetus B-4 + —_ 
B-6 + 
B-10 + _ 
Bovine cervical 
mucus (with pre- F 
vious abortion) 
Bovine 
vaginal mucus 4220 — + 
Ovine Til. + 
aborted fetus 53-D 
Ovine 
vaginal mucus 6867 ~ + 
Human 1134 4 _— 
blood 1154 + _ 


of organisms and for securing desired variants 
have been described elsewhere.” ™ Preparation, 
procedure, and materials used in securing the eryth- 
rocyte-sensitizing fraction HS have been described 
in the preceding paper.” Heat-stable fraction (HS) 
has been prepared from strains UF, Ill, 1134, 
4220, and 6867. Strains of UF, Ill., and 1134 were 
selected as representative of V. fetus on the basis 
of their cultural, morphological, and biochemical 
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Fig. 1—Appearance of 
patterns of hemaggluti- 
nation. Top row reac- 
tions (left to right): 
++++, +++, +4, and +; 
bottom row: — and -. 


characteristics and were isolated from bovine, 
ovine, and human sources, respectively. Vibrio 
strains 4220 and 6867° were noncatalase-producing 
organisms and originated from cattle and sheep, 
respectively. 

Production of Antiserum.—Antiserums were pro- 
duced by rabbits inoculated intravenously, four 
times during a 21-day period, with approximate 
dosages of 10° cells suspended in 0.85 per cent 
sodium chloride solution. Prior to use, cultures 
were suspended at 4 C. in 0.3 per cent formaldehyde 
solution containing 0.85 per cent sodium chloride 
for at least 24 hours. The method used in pre- 
paring anti-HS serums has been described in the 
preceding paper.** Rabbits were exsanguinated by 
cardiac puncture and, after syneresis at 4C. for 
two hours, the serum was collected and heated at 
56 C. for 30 minutes to inactivate the complement. 

In addition, specific serums representative of 
five serogroups ” and serums representative of two 
serogroups ** were used. Twelve samples of serum 
from bulls, 9 of which were infected with V. 
fetus,* were preserved at 4C. Merthiolate was 
added to make a final dilution of 1:10,000. 

Preparation of Washed Sheep Erythrocytes.— 
Sheep blood was collected sonptentty in an equal 
volume of sterile, modified Alsever’s solution.’ The 
erythrocytes in this mixture remain satisfactory for 
the hemagglutination test for two months when 
kept under aseptic conditions at 4C. The mixture 
of blood and Alsever’s solution was centrifuged 
and the erythrocytes were washed three times with 
0.86 per cent sodium chioride solution. After the 
last centrifugation at 2,500 r.p.m. for 15 minutes 
in an International centrifuge (model V, size 2), 
the supernatant fluid was removed and the packed 
cells were stored at 4.C These washed cells were 
not used for hemagglutination if they were more 
than 5 days old or if they showed excessive hemoly- 
sis before that time. 

Adsorption of Serum with Untreated Sheep 
Erythrocytes.—The purpose of this operation was 
to remove from the serums antibodies, unrelated to 
V. fetus, which would agglutinate untreated sheep 
erythrocytes. To 5.0 ml. of a 1:10 dilution of 
heated serum, 0.5 ml. of packed, washed, untreated 
erythrocytes was added and the suspension was 
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incubated in a water bath at 37 C. for ten minutes. 
The suspension then was centrifuged and the super- 
natant fluid removed from sedimented cells and 
reated again in the same way with another 0.5 ml. 
wf packed, untreated cells. The supernatant fluid 
was used in the hemagglutination test as a 1:10 
dilution of adsorbed serum. 

Sensitization of Erythrocytes with Fraction HS. 
—Packed erythrocytes, in an amount sufficient to 
give a 2.5 per cent final concentration of the sus 
pension, were added to the desired volume of saline 
solution containing the Hs fraction of known con- 
centration. The mixture was placed in a water bath 
at 37C. and left for two hours, with occasional 
agitation. After incubation, the cell suspension 
was centrifuged and the cells were washed three 
times with 15 times their volume of 0.85 per cent 
sodium chloride solution to remove excess HS sub- 
stance. For use in hemagglutination and hemag- 
glutination-inhibition tests, the cells were diluted 


Titers 


160 80 4 2 10 5 2.5 1.2 


HS Fraction 
( pg-/ 1.0 mi. of 0.5 % erythrocyte suspension) 


Graph 1—The effect of quantity of sensitizing 
antigen HS of Vibrio fetus, strain UF, on the 
hemagglutination titer. Serum was prepared 


against the whole cells of strain UF. 
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TABLE 2—Agglutination by Specific Antiserums of Sheep pperrat Sensitized with 
Fraction HS of Vibrio Fetus, Strain UF 


Dilutions 
of serum Antiserums 
solution UF B-6 B-10 F B-4 B-1 Til 53-D 
1:20 * +4+++ ++4++ ++++ 
1:40 ++++ ++++ ++++ ++++ +4+++ 
1:80 ++++ +4-++- +++-+ +++ ++++ +4+4++ 
1:160 ++++ ++++ ++++ ++++ 
1:320 ++++ + ++++ +++ = ++++ +4+4++ 
1:640 ++++ ++++ ++++ ++++ +++ 
1:1,280 +++ +++-+ +++ = + 
1:2,560 ++++ ++++ + + 
1:5,120 ++ +++ + + 


* Degree of agglutination. 


Antiserums were produced agains smooth cells of the strains. 


with 0.85 per cent sodium chloride solution to make 
a 0.5 per cent suspension. 

Titration of HS Fraction and Hemagglutination 
Tests—Fraction HS was titrated by sensitizing 
10.0 ml. of 2.5 per cent erythrocyte suspension with 
varying amounts of the fraction. The greatest 
concentration of Hs fraction used per 1.0 ml. of 0.5 
per cent cells was 160.0 ug., while the least amount 
was 1.25 wg. Serial twofold dilutions of the ad- 
sorbed specific serum were prepared in saline solu- 
tion to give a final volume of 0.5 ml., and 0.5 ml. 
of sensitized cell suspension was added to each 
tube. Two control tubes were used. One contained 
0.5 ml. of saline solution and 0.5 ml. of 0.5 per 
cent suspension of treated cells, and the other con- 
tained 0.5 ml. of a 1:10 dilution of normal ad- 
sorbed serum and 0.5 ml. of 0.5 per cent suspen- 
sion of treated cells. 

The tubes were shaken well and left for approxi- 
mately two and one half hours at room temperature. 
After this time, the first recording of agglutination 
was made, while the second recording was made the 
following morning, but not more than 18 hours 
later. There were only negligible or no discrep- 
ancies in the degree of agglutination observed be- 
tween the two recording periods when rabbit serums 
were used. Reactions of bovine serums were most 
clear two to five hours following the setting of the 
tests. The criteria used in evaluating agglutina- 
tion reactions are shown (fig. 1). In the control 
tubes and in tubes showing negative readings, the 
erythrocytes settled out in small, central, sharply 


demarcated dises, occasionally with narrow, hollow 
centers, which slipped from position when the tubes 
were tilted and which exhibited a homogeneous 
cloudy suspension upon more vigorous agitation. 
In strongly positive (4+) reactions, the erythro- 
eytes settled out as compact granular agglutinates. 
The other reactions were as follows: 3+, a mat 
with a serrated margin was formed on the bottom 
of the tube; 2+, a smooth mat completely covering 
the bottom of the tube; and 1+, a large red ring 
with a finely serrated margin, which occasionally 
had a hollow center in an otherwise smooth bottom 
mat. 

The Minimal Sensitizing Dose of Fraction HS.— 
The minimal sensitizing dose (m.s.d.) of fraction 
HS was considered to be the least amount of the 
fraction, in micrograms, required to sensitize 1.0 
ml. of a 0.5 per cent erythrocyte suspension so 
that complete hemagglutination occurred at the 
maximal titer of the serum. Twice the m.s.d. was 
used in all tests. 

Hemagglutination-Inhibition Tests—The speci- 
ficity of the hemagglutination test was ascer- 
tained by the ability of the free Hs substance to 
inhibit specific hemagglutination. For this purpose, 
serums were selected which agglutinated the treated 
erythrocytes, and the serum dilution near the end 
point which consistently gave definite agglutination 
of treated cells was determined. Quantities of 0.2 
ml. of these concentrations of selected antiserums 
were incubated in a 37 C. water bath for two hours 
with 0.2 ml. of graded dilutions of Hs substance. 


TABLE 3—Inhibition of Hemagglutination by Free Fraction HS of Vibrio Fetus, Strain UF 


Micrograms of fraction HS per 0. 4 ml. 


Dilation of 


of treated sheep erythrocytes 


_ 
> 


Antiserums Type antiserum 400 200 100 50 25 12 6 t 

UF Ss 640 = - - - - - 2 1 1 4 

R 80 - - - 4 4 4 4 3 
F Ss 320 ~ - 3 2 1 1 4 

R 160 - - - - - 2 1 1 2 1 4 

R 40 - - - - - - - 2 3 3 3 
Til. HS" 1,280 - - - - - 3 3 2 2 2 4 

S=smooth cells; R = rough cells; HS = heat-stable fraction of strain shown; 4>++++; 3=+4+ 


=++; 1=+ (agglutination). 
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To each tube was then added 0.4 ml. of 0.5 per cent 
suspension of treated erythrocytes. Incubation and 
the reading of results were carried out as in the 
ease of the hemagglutination technique. The fol- 
lowing control tubes were used: (1) fraction Hs, 
antiserum, and untreated erythrocytes; (2) frac- 
tion HS, normal serum, and treated erythrocytes; 
and (3) saline solution substituted for Hs fraction, 
antiserum, and treated erythrocytes. 


RESULTS 


The results on sensitizing activity of 
varying amounts of fraction Hs are shown 
(graph 1). Five micrograms was the mini- 
mal quantity required to sensitize 1.0 ml. 
of a 0.5 per cent suspension of sheep eryth- 
rocytes so that agglutination with homolo- 
gous serum prepared against the whole bac- 
terial cells occurred at maximal titer. When 
quantities of 2.5 pg. and 1.25 yg. of the 
fraction were used, there was a decrease in 
titer of one and five serial serum dilutions, 
respectively. 

The results obtained in the examination 
of the activity of specific serums are showr 
(table 2). Antiserum for strain UF, from 
whose cells sensitizing fraction HS was se- 
cured, agglutinated treated erythrocytes in 
a dilution of 1: 20,000. With the exception 
of the serums for strains B-1 and B-4 of 
bovine origin, all other antiserums were ¢a- 
pable of agglutinating the sensitized eryth- 
rocytes. The least degree of cross reaction 


was shown by antiserum for strain B-6, 
which agglutinated in a dilution of 1:320, 
while the maximum cross reaction was dem- 
onstrated by antiserum B-10, which reacted 
positively in a dilution of 1: 20,000. The 
serums for two strains of ovine origin, Ill. 
and 53-D, agglutinated sensitized cells in 
dilutions of 1:5,120 and 1:1,280, respee- 
tively. No reactions, even in serum dilu- 
tions as low as 1:10, were shown by serums 
secured from 11 noninjected, apparently 
normal rabbits. 

When the minimum dilution of antiserum 
that produced 4+ agglutination was incu- 
bated with free fraction us for two hours, 
complete inhibition of hemagglutination 
was obtained with 1.5 to 12.0 yg. of the 
fraction in a volume of 0.4 ml. (table 3). 
Free fraction Hs was capable of blocking 
agglutinating activity of serums produced 
against smooth and against rough variants. 
Hemagglutination by Hs antiserums of 
strains UF and Ill. were prevented by free 
fraction Hus of strain UF. 

The effects of variation of incubating tem- 
peratures and variation of sensitizing dose 
of fraction Hs on the hemagglutination 
titers of specific serums have been studied. 
The optimal results (table 4) were obtained 
when the tests were kept at room tempera- 
ture throughout the entire incubation pe- 
riod. With slight variations, incubation at 


TABLE 4—Joint Effects on Hemagglutination Titers of Varying Incubation Temperatures 
and Decreasing Amounts of Sensitizing Substance 


Fraction HS * 


(ug./1.0 ml. Method Dilution of antiserum of V. fetus, strain UF 
of 0.5% cell of 
suspensions ) incubation 1:20 1:40 1:80 1:160 1:320 1:640 1:1,280 1:2,560 
20 18 hr. at room temperature. 47 4 4 4 4 1 1 1 
18 hr. at 4 C. 4 4 4 4 4 1 1 - 
2 hr. at 37 C., followed by 16 
hr. at 4 C. 4 4 4 4 4 1 1 - 
2 hr. at 56 C., followed by 16 
hr. at 4 C. 1 it 1 1 1 - - - 
10 18 hr. at room temperature. 4 dq 4 4 4 1 1 1 
18 hr. at 4 C. 4 4 4 4d 4 1 1 1 
2 hr. at 37 C., followed by 16 
hr. at 4 C. 4 4 4 4 3 1 1 - 
2 hr. at 56 C., followed by 16 
hr. at 4 C. 1 1 1 1 1 
5 18 hr. at room temperature. 4 4 4 4 4 1 1 1 
18 hr. at 4 C. 4 4 4 4 1 1 1 - 
2 hr. at 37 C., followed by 16 
hr. at 4 C. 4 4 4 3 1 - = - 
2 hr. at 56 C., followed by 16 
hr. at 4 C. 1 1 1 1 1 - - - 
2.5 18 hr. at room temperature. 4 3 2 3 3 ~ - - 
18 hr. at 4 C., 4 4 3 - - - 
2 hr. at 37 C., followed by 16 
hr. at 4 C. 1 i 1 1 - - - - 
§ 2 hr. at 56 C., followed by 16 
hr. at 4 C. - - - - - - - - 


Fraction HS was 


obtained from V. fetus strain UF. 7 4=++44-; 3=+44+; 2=++4; 1=+ (agglutination). 
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TABLE 5—Cross-Hemagglutination Reactions Among HS Antigens and Their Antiserums of 


Five Vibrio Fetus Strains 


Biochemical activity 


Catalase HeS Antiserums against HS antigens 

origin tion tion antigen UF 4220 Ill 6867 1134 
Bovine UF 10,000* 80 2,560 — 

_ + 4220 40 5,120 40 -- _ 
Ovine Ill. 5,120 80 5,120 


* Titer expressed as reciprocal of serum dilution. Fractions HS were prepared from smooth cells. 


Anti-ES serum was prepared by inoculating rabbits intravenously with 1 mg. of the fraction four times 


during the 21-day period. 


4 C. and 37 C. revealed essentially identical 
results. Incubation at 56 C. resulted in weak 
reactions with lower serum dilutions. A 
sensitizing dose of 5 yg. of fraction per 1.0 
ml. of 0.5 per cent erythrocyte suspension 
gave optimal serum titers. It was found 
that erythrocytes were sensitized more 
rapidly and to a somewhat greater degree 
at 37 C. than 24 C. The optimal adsorption 
was reached in about two hours at 37 C. 
The adsorption at 4C. for six hours was 
only one fourth of optimum. 

The us fractions were secured from the 
cells of five different strains and used to 
sensitize sheep erythrocytes ; the latter were 
tested with antiserums prepared against 
these fractions. The data on these reactions 
are compiled (table 5). A considerable de- 
gree of cross reaction was shown between 
Hs fractions of strains UF and IIL, of bo- 
vine and ovine origin, respectively. Fraction 
Hs of the catalase-negative, HeS-positive 
strain 4220 of bovine origin demonstrated 
a slight degree of cross reaction with the 
fractions of strains UF and Ill. The fraec- 
tions of catalase-negative, H»oS-positive 
strain 6867 of ovine origin and catalase- 


TABLE 6—Hemagglutination Reactions Among 
Three Vibrio Fetus Strains of Human Origin 


of serum Specific serums tested 


solution 1134 1154 1307 
1:20 ++++ ++++ 
1:40 ++-++ +++ 
1:160 ++++ ++++ ++ 
1:370 ++++ +-+++ ++ 
1:1,280 ++++ +t 

1:2,560 +444 + 

1:5,120 44 

1:10,000 


* Degree of agglutination reaction. 
Erythrocytes were sensitized with HS fraction of 
strain 1134. 


positive, H.S-negative strain 1134 of hu- 
man origin reacted with homologous serums 
only. 

Erythrocytes sensitized with us fraction 
of strain UF were agglutinated by serums 
representative of two serogroups as follows: 
Serum 543, serogroup V, of Price et al.,!* 
agglutinated to a titer of 1: 2,560, and se- 
rum R, serogroup I, of Kiggins,® aggluti- 
nated in a maximal dilution of 1:1,280. 
The other representative serums showed no 
serological reactivity with sensitized cells. 

When the erythrocytes sensitized with Hs 
fraction of strain 1134 of human origin 
were admixed with serums prepared against 
the whole cells of three strains of human 
origin, a considerable degree of cross reac- 
tion occurred (table 6). Homologous serum 
agglutinated to a titer of 1:10,000, while 
serums 1154 and 1307 agglutinated to dilu- 
tions of 1:2,560 and 1: 640, respectively. 

The results of hemagglutination tests on 
serums from 9 infected and 3 apparently 
normal bulls are shown (table 7). Four of 
six serums from animals which yielded 
catalase-positive vibrios reacted positively 
in dilutions of 1: 160 to 1: 640. Serums of 3 
other animals, from which catalase-positive 
and catalase-negative or only catalase-nega- 
tive vibrios were cultured, exhibited hemag- 
glutination in dilutions of 1:80 to 1:320. 
Serums from bacteriologically negative 
bulls showed no agglutination of sensitized 
erythrocytes in dilutions of 1:20 or higher. 


DISCUSSION 


The observations recorded show that at 
least one heat-stable component, present in 
the us fraction of V. fetus, can be adsorbed 
on intact sheep erythrocytes, rendering 
them specifically agglutinable by antibody 
directed against the adsorbed material. It 
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is recognized that antigens possessing this 
characteristic appear to have one common 
attribute—they are all polysaccharides. 


Cross-hemagglutination reactions between 
erythrocytes sensitized with polysaccharides 
of strain UF and specific antiserums of 
strains of various origins and serogroups 
showed that this polysaccharide was pos- 
sessed by many but not all V. fetus strains. 
This indicates that the Hs substance may be 
a fraction of a type-specific O antigen com- 
mon to a number of individual strains 
rather than a species-wide antigen. Landy 1 
and Neter et al.1* have shown that simulta- 
neous or consecutive treatment of erythro- 
eytes with two or more antigens resulted 
in hemagglutination by all antiserums as 
if the cells were treated with homologous 
polysaccharide only. Also, attempts to satu- 
rate the adsorbing erythrocyte surface by 
increasing many times the adsorbing dose 
failed. These observations suggested that 
different areas of the erythrocyte may be 
involved for each antigen. Therefore, he- 
magglutination should be conducted on 
greater numbers of strains to determine the 
antigenic characteristics of their polysac- 
charides. Perusal of results will indicate 
the type of polysaccharides which may si- 
multaneously be adsorbed on cells to give 
a test with a broad serological activity. 

The specific hemagglutination reaction 
has been inhibited by adding the soluble 
antigen to the serum before introducing 
the sensitized erythrocytes into the system. 
Under these circumstances the soluble anti- 


gen, if present in sufficient amounts, com- 
bines with its corresponding antibody and 
prevents it from agglutinating the sensitized 
erythrocytes. Extremely small amounts of 
free polysaccharides were capable of in- 
hibiting specific hemagglutination reactions. 
Thus, this inhibition test, when utilized to- 
gether with the hemagglutination test, per- 
mits the detection and quantitation of small 
quantities of the soluble antigen. It would 
be of interest to determine whether this 
technique permits the detection of specific 
antigen in cervicovaginal exudations of in- 
fected or recently recovered animals. 

On the basis of the whole cell cross- 
agglutination reaction, King’? found 
human strains of V. fetus type to be anti- 
genically related. It also was shown that 
these strains shared their agglutinating 
antigens with certain V. fetus strains of 
animal origin.’”?3 In our study, three of 
the human strains of V. fetus type studied 
were found serologically related on the 
basis of their Hs antigen. These organisms, 
however, did not share Hs antigens with 
the animal strains studied. 


It is generally understood that infection 
of a bull seldom results in the formation 
of serologically demonstrable serum agglu- 
tinins, thus presenting a difficult diagnostic 
problem. Plastridge et al.’® suggested that 
this may be due to the low degree of patho- 
genicity of V. fetus for the genitourinary 
tracts of carrier bulls. The ability of poly- 
saccharide-sensitized erythrocytes to react 
with serums from V. fetws-infected bulls 


TABLE 7—Results of Hemagglutination Tests Conducted on Serum Samples of Vibrio Fetus- 


Positive and -Negative Bulls 


Serum dilutions 


(No.) Breed finding 1:20 1:49 1:80 1:160 1:520 1:640 

H233 Holstein- C+ Vibrio +++ ++ 
Friesian 

J127 Jersey C+ Vibrio +++-+ +44+ +--}-4- 

809 Aberdeen C+ Vibrio ++++ ++++ + + 
Angus 

H211 Holstein- C+ Vibrio an 
Friesian 

G323 Guernsey C+ Vibrio +4 + 

G330 Guernsey C+ and +++4++ tat 

C— Vibrio 

G335 Guernsey C— Vibrio ++4+ 444 + 

3140 Jersey C— Vibrio +444. +44 

Friesian 

H244 Holstein- No Vibrio ak 
Friesian 

J151 Jersey No Vibrio om 

* Degree of agglutination reaction. 
Erythrocytes were sensitized with HS fraction of strain UF. C+ = catalase-positive; C— = catalase- 


negative. 
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might be due to the capacity of this system 
to detect lower concentrations of circulat- 
ing antibodies. 

It also is possible that the extracted Hs 
antigen contains, in addition to the princi- 
pal antigen, certain secondary or minor 
antigenic components which, when adsorbed 
on the erythrocyte surface, are rendered 
reactive. The greater sensitivity of the he- 
magglutination test may be due further to 
the ability of treated erythrocytes to detect 
so-called ‘‘univalent’’ or incomplete anti- 
body, as shown to be present in various im- 
mune serums.” Such antibody has the 
power of combining with antigen but does 
not form aggregates. Borduas and Grabar ® 
referred to this antibody as ‘‘nonflocculat- 
ing’’ and they showed the ability of hemag- 
glutination methods to detect it. Failures 
of the tests to detect the antibodies in 
serums of 2 infected bulls might be due to 
antigenic difference of Hs fraction of strains 
responsible for infection of these 2 animals. 

Recent studies by Frank et al.* showed 
that bulls infected with catalase-negative 
strains of Vibrio are capable of infecting 
the female during a breeding season. Recent 
experiments revealed that serum antibody 
of bulls infected with catalase-negative 
Vibrio agglutinated erythrocytes sensitized 
with us fraction of catalase-positive 
organisms. This is in agreement with an 
earlier observation that V. fetus shares cer- 
tain heat-stable antigens with catalase-nega- 
tive Vibrio.21_ Under these circumstances, 
the hemagglutination test could be used on 
greater numbers of animals as a screening 
diagnostic procedure, and bacteriological 
methods might then be used for more de- 
tailed examinations of individual, serologi- 
cally positive animals. 

To evaluate futher the possible useful- 
ness of this serological technique in the 
field, it will be necessary to experimentally 
infect a number of cattle of both sexes to 
compare their pre- and postinoculation ti- 
ters and to correlate the presence of the 
antibody with the bacteriological findings. 
The apparent advantages of the purified 
antigen described over whole Vibrio cells 
for serological use are its uniformity, great 
stability, and the ease and precision with 
which it may be standardized. In addition, 
the method is convenient, the reactions are 
clear, and the requirements for serological 
apparatus and techniques are simple. 


SUMMARY 


A hemagglutination test has been de- 
veloped for detection of antibody against 
Vibrio fetus. Sheep erythrocytes sensitized 
with a polysaccharide fraction of V. fetus 
have been agglutinated by specific serums 
produced in rabbits and by serums of n tu- 
rally infected bulls. The fraction appar- 
ently represents a type-specific O antigen 
common to a number of individual strains, 
rather than a species-wide antigen. The 
specificity of the hemagglutination reac- 
tion was shown by its inhibition by the 
free polysaccharide. 

Some advantages, characteristics, and 
principles concerning the hemagglutination 
test are discussed. 
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Studies on an Immunogenic Agent Against Brucella Abortus 
1. Titrations of a New Soluble Immunogenic Agent 
Against Experimental Infections in Guinea Pigs 


WARREN G. HOAG, D.V.M., M.P.H., and ROBERT C. ALLEN, M.S. 
Blacksburg, Virginia 


THE worK of Hoag and Bell’? demon- 
strated a method of inducing immunity 
against Leptospira pomona infections with- 
out producing significant levels of agglu- 
tinins in the serum of vaccinated cattle. 
With regard to preventive methods in dis- 
eases in which diagnosis depends on the 
detection of circulating antibody, the pos- 
sibility that immunogenic agents may pro- 
duce diagnostically confusing antibody 
reactions in vaccinated animals must be 
considered. This is particularly important 
in diseases in which there are a high per- 
centage of subclinically infected animals 
which develop into carriers. 

Brucellosis control in this country ‘is de- 
pendent upon two basic procedures: the 
elimination of infected cattle and the vac- 
cination of young herd replacements. Con- 
siderable reliance is placed upon the pres- 
ence of specific serum agglutinins in blood 
and milk ® as a means of detecting infected 
animals to be eliminated. This has been 
complicated by the fact that agglutinins 
are not only produced by the naturally 
o¢eurring disease, but also by vaccines.!® 1! 
For this reason, it is recommended that 
cattle be vaccinated during calfhood (4 to 
8 months of age) so that agglutinin titers 
probably will have subsided by the time 
the animal reaches adulthood.*,> In this 
way, it is possible to develop serologically 
negative herds. It can be assumed that 
significant agglutinins developing after 
this time are a result of natural infections. 

This procedure precludes revaccination 
for booster purposes because of the danger 
of producing agglutinins which will neces- 
sitate elimination of the animal from the 
herd and the risk of not being able to dif- 
ferentiate vaccinated from naturally in- 

From the Animal Pathology Section, Virginia Agri- 
cultural Experiment Station, Blacksburg. Dr. Hoag is 
now at the Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, Maine. 

Portions of the worl: were done in partial fulfillment 
of the requirements for the Ph.D. degree (Allen). 


The authors acknowledge the technical assistance of 
Jean Kerstetter and the advice of Dr. James R. Rooney. 


fected animals. In spite of recent improve- 
ments in diagnostic procedures to help 
eliminate a portion of this problem,!+*8 
the major dangers still exist. It was with 
these problems in mind that this work was 
undertaken. 


MATERIALS AND METHODS 


Experiment 1.—Brucella abortus strain 2308* 
was grown in 300 ml. of Stuart’s liquid leptospiral 
medium for 48 hours at 37C., under partial CO, 
tension.” The culture (1%X10* viable organ- 
isms/ml.) then was heated to 100C., at which 
time 0.1 M acetic acid was added in an amount 
equal to 5 per cent of the total culture volume. 
Heating continued for another five minutes, until 
the precipitation of proteinaceous material was 
complete. After cooling under running tap water, 
the precipitate was removed by centrifugation 
(1,500 r.p.m.), suspended in distilled water, and 
enough 0.1 M NaOH added to neutralize and dis- 
solve the material. The final solution corresponded 
to one fifth of the original culture volume. Mer- 
thiolate (Thimerosalt), to a final ecncentration of 
1:10,000, was added as a preservative, and an 
adjuvant of 6 per cent lanolin in mineral oil was 
mixed with the product. This was designated 
**Jot 1’’ vaccine. 

Sixty-four male guinea pigs,** weighing ap- 
proximately 250 Gm. each, were allotted at ran- 
dom to 16 groups of 4 animals each for a ‘‘box- 
type’’ titration of varying amounts of vaccine 
against varying dilutions of challenge material 
(table 1). Those given vaccines were inoculated 
subcutaneously in the cervical region. 

The challenge material consisted of Br. abortus 
strain 2308 grown on Albimi’s Brucella agar under 
partial CO, tension. The 48-hour growth was 
washed from the agar surface with sterile physio- 
logical saline solution and rewashed once by cen- 
trifugation. The organisms then were standard- 
ized in saline solution to a concentration equal to 
No. 1 of the MacFarland nephelometer series. 
Dilutions of this suspension were made in saline 
solution at 10°, 10°, 10°, and 10°. On the 
twelfth day after vaccination, 1 ml. of a dilution 
was given intraperitoneally as challenge material. 


* Obtained from the Agricultural Research Service, 
U.S. Department of Agriculture, Beltsville, Md. 

+ Thimerosal is produced by Eli Lilly and Co., Indi- 
anapolis, Ind. 

** Obtained from the Albino Farms, Red Bank, N.J. 
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TABLE 1—Titrations of Varying Amounts of 
Vaccine Against Varying Dilutions of Challenge 
Material (Experiment 1) 


Amounts of vaccine 


Challenge 

dilutions None 0.25 ml. 0.50ml. 1.00 ml. 
10-2 A* E I M 
10-8 B F J N 
10-5 Cc G K oO 
10-7 D H L P 


* 4 guinea pigs per letter. 


The protocol of titration of infective organisms 
against the varying doses of vaccine is shown 
(table 1). 

Blood samples were taken for serological exami- 
nation from all guinea pigs, by heart puncture, 
two days before they were challenged by living 
organisms (10 days postvaccination) and again 
28 days after challenge (2.0 ml. of blood was 
removed from each). Tube-agglutination tech- 
niques and materials used were according to stand- 
ard methods recommended by the U. 8S. Depart- 
ment of Agriculture. 

Animals were observed for 28 days after being 
given the challenge material, and any deaths or 
abnormalities were recorded. All were killed at 
the end of this period, and any gross pathological 
changes were recorded. At the same time, ground 
spleen and liver from each guinea pig were inocu- 
lated into Albimi’s semisolid agar and incubated 
at 37C. under partial CO: tension. Subcultures 
from those tubes showing any bacterial growth 
then were made on basic fuchsin and thionin 
plates incubated under CO: tension. Final identi- 
fication of Brucella was made serologically, using 
adsorbed homologous rabbit antiserum to identify 
the isolates positively as strain 2308. 

Experiment 2.—Brucella abortus strain 2308 
was inoculated into Stuart’s medium as in ex- 
periment 1, except that the material was grown 
for 13 days at 37 C. instead of for 48 hours. The 
culture material (1 X10" viable organisms/ml.) 
then was acid-heat-treated in the same way as in 
experiment 1. Reconstitution, preservation, and 
addition of adjuvant also followed the same pro- 
eedures. This lot of vaccine was designated 

Five guinea pigs per group, instead of 4, were 
used for this experiment. Other procedures, in- 
cluding source and selection of animals, bacterio- 
logical, serological, and vaccination techniques, 
were the same as for experiment 1. The only 


TABLE 2—Titrations of Varying Amounts of 
Vaccine Against Varying Dilutions of Challenge 
Material (Experiment 2) 


. Amounts of vaccine 

dilutions None 0.25 ml. 0.50 ml. 0.75 ml. 
10-2 A* E I M 
10-3 B F J N 
Cc G K 
10 D H L 


5 guinea pigs per letter. 


other difference between procedures used was that 
challenge was made 21 instead of 12 days after 
vaccination. The diagram of titration in experi- 
ment 2 is shown (table 2). 


RESULTS 


Experiment 1.—The titration of the 
challenge material in the groups of guinea 
pigs given no immunogenic agent resulted 
in an i.d.so (infective dose for 50% of 
animals) of approximately 110 X< 10° or- 
ganisms per animal.® Serums taken before 
and ten days after vaccination were nega- 
tive to the lowest dilution (1:20) of the 
tube-agglutination test system. Titration 
of the challenge material in the groups of 
guinea pigs given 0.25 ml., 0.50 ml, and 
1.00 ml. of immunogenic agent gave i.d.59’s 
of 200 x 10°, 300 x 10°, and 2 X 10°, re- 
spectively. This indicated that no protec- 
tion resulted. Titrations were based on 
isolation of Br. abortus strain 2308 from 
tissues of animals at necropsy, and not 
from positive serological tests. 

Experiment 2.—The results of experi- 
ment 2 with lot 2 vaccine, are shown (table 
3). On the basis of isolations of the organ- 
isms from necropsy material, it will be seen 
that, in guinea pigs given no vaccine, the 


¢=five guineo pigs 


© tsolation of 8. Abortus 
from all guinea pigs in 


110,000 


group. 
—— =0.75mi. vaccine 

—-=no vaccine 

) OSmi. vaccine 
—-—-= 0.25mi. vaccine 
= 
c 
= 1.1007 
£ PN 
3 

E 
1:103 
a P. 
KV ond 
3x10° 3x10° 3x10* 3x10° 


Number of Chollenge Organisms 
Graph i—Geometric mean serum-agglutination 
titers of guinea pigs in experiment 2. Serums 
were collected 28 days after challenge. 
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i.d.so of challenge was approximately 165 
x 10° organisms. In the groups of animals 
given the smallest dose of vaccine (0.25 
ml.), the i.d.59 end point was greater than 
3,000 X 10° organisms. The protective in- 
dex (difference between i.d.59’s for control 
and vaccinated animals) was greater than 
2.5 logs. This was true for all dosages of 
the immunogenic agent. 

All serums from guinea pigs in the 
groups given the smallest dose of immuno- 
genic material had tube-agglutination ti- 
ters of less than 1:20 when tested 19 days 
after vaccination (2 days before chal- 
lenge), with the exception of 1 animal 
whose serum had a titer of 1:40 at this 
time. The larger doses (0.5 ml. and 0.75 
ml.) of the agent produced a greater fre- 
quency of positive titers equal to or greater 
than 1:20 (4/20 and 15/20, respectively) 
and higher individual titers (geometric 
means of 1:2.3 and 1:16, respectively). 

Geometric mean titers for each group of 
guinea pig serums (individual tests, not 
pooled) are shown (graph 1). 


Discussion 


The results obtained in the first experi- 
ment indicated that either or both of two 
conclusions could be postulated: (1) The 
immunogenic agent was ineffective in pro- 


ducing immunity against the homologous 
agent, or (2) an immunogenic agent of this 
nature could be effective against the homol- 
ogous organism, provided certain condi- 
tions of the experiment were modified. 

The second postulate was considered 
along the following lines: It had been 
shown in previous work that the effective- 
ness of the immunogenic agent produced 
by this method was determined by the 
amount of bacterial metabolic by-product 
present in the culture liquor, rather than 
solely by the total members of intact or- 
ganisms at the time of preparation. It also 
was possible that the time between vacci- 
nation and challenge in experiment 1 was 
too short. Brucella abortus strain 2308 is 
supposedly more virulent for the guinea 
pig than is reported here. Apparently 
there was some loss of bacterial virulence 
before its initial use in these experiments, 
since the i.d.59’s of organisms remained 
appreciably the same for both experiments, 
which were several months apart. It is 
possible that host factors (such as the 
strain of guinea pig and nutritional status) 
could be part of the explanation for the 
degree of virulence reported here. 

The degree of immunity produced by 
the immunogenic agent in experiment 2 
leaves no doubt that an effective means of 


TABLE 3—Guinea Pig Serum-Agglutination Titers Before and After Challenge (Experiment 2) 


No. Amounts of vaccine 
organisms 
in Guinea None 0.25 ml 0.50 ml 0.75 ml 
challenge pig 
dose (No.) c* C+ 28f 28 Cc C+ 28 C+ 28 
1 1,280** _ 20 160 160 
3 xX 108 3 2,560** 40 20 
4 1,280** 20 80 80 160 
5 640** _ 20 20 160 
2 1,280** _ 40 40 
3 105 3 640** 40 20 
4 Diedt 40 40 
5 2,560** 40 40 
1 ~ 40 40 20 
3 X 104 3 20 40 40 
4 _ 80 so 160 
1 _ 20 _ — 80 80 40 40 
4 20 20 40 40 


* OC =two days before challenge; +C+28=28 days after challenge; ** Brucella abortus was isolated 
from the tissues at this time: t this animal died immediately before blood samples were taken and Br. 


abortus was isolated from the tissues at this time. 


Titers are expressed as reciprocal of highest dilution showing 2+ agglutination; ——no agglutination 


at lowest serum dilution (1:20). 
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immunizing guinea pigs can be produced 
by this method of extraction. It is prob- 
able that the determining factor between 
the success of lot 2 over lot 1 vaccine lies 
in the age of the culture used. Supporting 
evidence for this is shown (table 3) by 
the serological results of experiment 2, in 
which large doses of the vaccine did pro- 
duce agglutinins, while the same large 
doses of vaccine (lot 1, experiment 1) made 
from cultures only 48 hours old produced 
no agglutinins. It is not proposed that the 
presence of agglutinins in blood serum is 
an indication of immunity, but rather that 
it is an indication of vaccine antigenicity. 
The results of experiment 2 indicate that 
immunogenically effective doses of vaccine 
can be administered with no development 
of appreciable levels of serum agglutinins. 
The geometric mean titers are also an indi- 
cation of this effect (see lines for various 
dosages of vaccine, graph 1), with no ap- 
preciable boost from challenge organism 
inoculation (table 3, experiment 2). 

The method of preparation of the im- 
munogenic¢c agent utilizes the metabolic by- 
products of bacterial growth, in addition 
to the bacterial cells. The technique in- 
volves the extraction of proteinaceous ma- 
terial derived from the bacterial cells, 
metabolic by-products, and the rabbit se- 
rum contained in the growth medium. It 
is possible to postulate that other fractions, 
such as carbohydrates, adhere to the sur- 
face of protein masses obtained in this 
way. The method serves to extract im- 
munogenic material and to destroy or to 
leave behind agglutinogenic substances. 
This is important to the preparation of any 
vaccine, in that such immunogenic agents 
may be used in most host situations (such 
as age and previous immune status) with- 
out serum-agglutinin response. This is par- 
ticularly important for bovine brucellosis. 


SUMMARY 


A soluble-type vaccine was prepared by 
the acid-heat extraction of Brucella abor- 


tus strain 2308 and its metabolic by-prod- 
ucts in Stuart’s medium. A comparison 
was made, in guinea pigs, of 2-day-old and 
13-day-old cultures for the preparation of 
the immunogenic agent. Although the 
number of viable organisms present in the 
culture liquid was approximately the same 
for both lots, there was a significant differ- 
ence in immunogenic activity. The agent 
made from the 2-day-old culture produced 
no significant protection against various 
dosage levels of living Br. abortus strain 
2308 organisms. The agent prepared from 
the 13-day-old culture produced not only 
significant protection against homologous 
strain challenge but, at effective dosage 
levels, produced insignificant serum-agglu- 
tination titers. Protection was dete>mined 
by the failure to isolate Brucella organisms 
in tissues taken at necropsy. 
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Field Evaluation of Clostridium Botulinum Type C Toxoids in Mink 
GEORGE S. APPLETON, M.S., and PHILIP G. WHITE, Ph.D. 


Madison, Wisconsin 


IN A PREVIOUS REPORT,” laboratory vari- 
ables affecting toxin production and evalu- 
ation of toxoids prepared from Clostridium 
botulinum type C cultures were initiated 
prior to beginning field trials with type C 
toxoids in mink. 

In recent years, several workers have 
investigated the efficacy of type C toxoids 
in protecting mink against type C intoxi- 
cation. Kull and Moberg,’® Larsen et al.,* 
and Appel et al.! demonstrated the prac- 
ticality of immunizing mink with type C 
adsorbate toxoids. 

The purpose of this work was to deter- 
mine the value of several experimental 
type C toxoid preparations in protecting 
mink under field conditions against arti- 
ficially induced type C intoxication. For 
correlative purposes, the relative immunity 
responses of mice and mink to type C tox- 
oids were studied. 


MATERIALS AND METHODS 


Toxoids.—The preparation of the toxoids has 
been previously described. Toxoids were pre- 
pared from 5- to 10-day-old cultures grown in 
intussuscepted membranes* by adding 0.5 per 
eent commercial grade formalin and reineubating 
at 37C. for eight to 12 days. The toxoids were 
adsorbed in a manner similar to that described 
by Rice,’ and were adjusted to contain varying 
amounts of antigen. A total of six toxoid prepa- 
rations was used. A seventh preparation, Clos- 
tridium perfringens type D bacterin, which had 
approximately the same physical characteristics 
as the experimental toxoid preparations, was used 
as a placebo. 

Coding of Toxoids—Each of the toxoids was 
coded to preclude any bias in the handling or 
interpretation of results by the cooperating vet- 
erinarians* who vaccinated and challenged the 
immunity of all mink. 

Procedure.—For the mink trials, one complete 
set of coded toxoid preparations, consisting of six 
toxoid lots and one placebo, was used for each 
replication. A total of ten replications was con- 
dueted in three states by three operators. Each 
replication required 70 mink (10 mink for each of 


From the Research Division, American Scientific Lab- 
oratories, Inc., Madison, Wis. 

* The authors thank Drs. G. R. Hartsough, Pittsville, 
Wis., Stewart Burkhardt, Lakewood (Denver), Colo., and 
Austin E. Larsen, Salt Lake City, Utah, for their co- 
operation in conducting the field trials. 


the toxoids and 10 for the placebo). Approxi- 
mately 700 mink were included in the study. 

Each mink was injected subcutaneously in one 
of the axillary spaces with 1.0 ml. of the respec- 
tive toxoid or placebo and records were made as 
to the age and sex of the animal. All animals 
were injected during the months of July, August, 
and September, 1956. After vaccination, several 
animals in each group were examined for post- 
vaccination reactions. 

For correlative data in mice, 280 healthy white 
males, weighing 20 to 30 Gm., were used. Two 
replications of 140 mice each (20 mice for each 
toxoid lot and 20 for the placebo) were made. 
Each mouse was given 0.5 ml. of toxoid or placebo 
intraperitoneally. The immunity of all mice was 
challenged 14 days postvaccination with standard- 
ized lyophilized type C toxin. 

Mink Challenge.—At pelting time, all mink 
were held overnight without feed and then were 
challenged with a standardized lyophilized whole 
culture of Cl. botulinum type C toxin. A small 
patty of regular mink feed was inoculated with 
0.5 ml. of the toxin and mixed into the feed. The 
animals were fed the inoculated feed immediately 
and all signs of illness and deaths were then 
recorded for 96 hours. The challenge dose was 
ealeulated to be approximately 20 mink l.d.so, but 
actually represented greater than 100 mink 1.d.so 
(table 1). The 1.d.so end points were calculated 
according to the method described by Reed and 
Muench.® 

Animals—Of the mink vaccinated with the 
various toxoid preparations, 391 were males (390 
kits and 1 adult) and 299 were females (198 kits 
and 101 adults). 


RESULTS 


In cooperation with one of the veteri- 
narians (Hartsough), the standardized 
lyophilized toxin was titrated in mink at 
the time of challenge. The toxin was re- 
stored in the accompanying diluent (0.2% 
gelatin in phosphate buffer at pH 6.5°) 
and tenfold and 100-fold dilutions were 
made in physiological saline solution. Mink 
feed patties were prepared as before, and 
0.5 ml. of the respective toxin dilutions was 
injected and thoroughly mixed into each 
of 13 patties for each dilution. These were 
immediately fed to female mink, 6 months 
old, which had been held for 24 hours with- 
out feed. The results of the titration of the 
challenge toxin are given (table 1). 
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TABLE i—Titration of Standardized Challenge 
Toxin in Mink (Per Os) 


0.5 ml. 
13/13* 


Toxin dose 0.5 X 10-1 ml. 


13/13 


0.5 X 10-2 ml. 


Death ratio 12/13 


* Numerator = No. dead; denominator = No. challenged. 


One of the veterinarians (Larsen) re- 
ported that the challenge toxin at a dilu- 
tion of 1:100 killed nonvaccinated mink 
(number not specified) in 48 hours. The 
results of the challenge of the immunity of 
all mink vaccinated with the Cl. botulinum 
type C toxoids are shown (table 2). 

In addition to the evaluations reported 
(table 2), one of the veterinarians (Lar- 
sen) vaccinated 1,000 mink (age and sex 
not specified) with 1.0 ml. of a toxoid 
preparation similar to FDA in table 2. 
The toxoid used was supplied by this lab- 
oratory. At pelting time, the immunity of 
50 of the 1,000 mink was challenged with 
0.5 ml. of the undiluted standardized toxin 
injected into the feed; 49 survived. There 
were no adverse reactions to the vaccina- 
tion in any of the 1,000 mink. 

The cumulative results of the immunity 
challenge of the mice vaccinated with the 
various toxoid lots are given (table 3). 


TABLE 2—Summary of Field Trial Challenge Results, All Replications 


The l.d.s9 of the toxin used in challenging 
the immunity of the mice was obtained 
from the placebo end point. 

The correlation between the immune re- 
sponses of mice and mink when artificially 
exposed to type C intoxication is indicated 
(graph 1). 

DIscUssION 

It has been reported! * that 1,000 to 
10,000 mouse intraperitoneal l|.d.59 are ap- 
proximately equivalent to 1 mink oral 
l.d.so. In establishing the challenge dose 
for the field trials reported here, it was 
desired to challenge the immunity of the 
mink with approximately 200,000 mouse 
Ld.s50, or about 20 mink l.d.59. From the 
results shown in table 1, it is evident that 
the challanged mink were given more than 
100 1.d.s50. 

In general, the immune response in mink 
against the massive challenge dose with 
five of the preparations was excellent. The 
one toxoid lot that gave a ‘‘ poor’’ response 
(lot FDB) still protected 79 per cent of 
the mink vaccinated. 

The varying percentage of mortality in 
the placebo group (table 2, ranch 4) was 
not interpreted as indicating any cross 


Experimental toxoid groups 


Ranch Sex FDA FDB FDC SWA SWB Swc Placebo Controls 
F 0/10* 0/10 0/10 0/10 0/10 2/10 7/10 
2 M 0/5 10 0/5 0/5 0/5 0/5 5/5 
F o_o 0/5 0/5 0/5 0/5 1/1 
3 M 0/5 3/5 0/5 0/5 0/5 0/5 2/5 
F 0/5 2/5 0/5 0/5 0/5 0/5 2/5 
4 M 0/10 3/10 0/10 0/10 0/10 0/10 1/10 
5 M 0/10 0/10 2/10 0/10 1/10 2/9 9/10 
6 M 0/5 0/5 0/5 0/5 0/5 0/5 5 
F 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
7 0/10 0/10 10 
8 0/10 0/8 0/10 
9 M 0/10 1/10 0/10 0/10 1/10 2/10 10 
F 0/10 6/10 0/10 1/10 0/8 0/10 9/10 11/11 
MALES 
Dead 0 10 2 0 2 4 37 
Challenged 45 60 65 53 55 58 55 
Percentage 0.0 16.7 3.1 0.0 3.6 6.9 67.0 
FEMALES 
Dead 0 11 0 0 2 28 61 
Challenged 54 40 35 47 43 40 40 61 
Percentage 0.0 27.5 0.0 2.1 0.0 5.0 70.0 100.0 
ALL MINK 
Dead 0 21 2 1 2 6 65 61 
Challenged 99 100 100 100 98 98 95 61 
Percentage 0.0 21.0 2.0 1.0 2.1 6.1 68.5 100.0 


*Numerator = No. dead; denominator = No. challenged. 
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Challenge per cent survival 
Dose 1.4.50 6 20 40 60 80 100 
1009 
FDA 320> 
32,000° 


Toxoid 


1009 
FDC 320> 
32,000> 


1002 
320° 
32,000> 


SWA 


100° 
320° 
32,000> 


SwB 


1009 
320° 
32,000> 


swc 


100° 
320 
32,000 


100° 
320 
32,000 


Placebo 


Graph 1—Correlation of immune responses in mice 
and mink to Clostridium botulinum type C toxoids. 


a=mink oral doses 


b=mouse intraperitoneal doses 


immunogenicity between the antigens of 
Cl. botulinum type C and Cl. perfringens 
type D. Judging from observations made 
during the immunity challenge on ranches 
9 and 10, it was believed that the variability 
was the result of faulty technique in admin- 
istering the challenge toxin. The toxin, 
when injected into the wet feed patties, was 
not easily adsorbed and ‘‘leaked’’ out of the 
feed. Furthermore, in several instances 
part of the feed was lost through the wire 


floor of the mink pen before being con- 
sumed. It is possible that a large portion 
of the toxin could have been lost in this 
manner. 

In later titrations (control groups, 
table 2), the toxin was thoroughly mixed 
in a small amount of feed and fed to mink 
previously starved for 24 hours. These 
results were more consistent. 

It was also established (graph 1 and 
table 3) that there is no cross immuno- 
genicity between the antigens of Cl. botu- 
linum type C and Cl. perfringens type D. 

The results obtained in these trials indi- 
cate that male mink may be slightly more 
resistant to type C intoxication than are 
females. The difference, however, is not 
considered significant. The individual ree- 
ords of the results on each ranch did not 
indicate that there was any difference in 
susceptibility to type C intoxication based 
on the age of the mink, viz., at a defined 
challenge dose, adult mink appear to be as 
susceptible as kits. 

The interval from vaccination to chal- 
lenge for all ranches varied from 62 to 139 
days. The 62-day interval is represented 
by ranch 8 and the 139-day interval by 
ranch 7. The average interval for all 
ranches was 94 days. From a practical 
standpoint, this means that kits vaccinated 
when separated from the dams (usually in 
July) should remain resistant to type C 
intoxication at least until pelting time 
(usually in December). It is probable that 
the duration of immunity after vaccination 
with one 1.0-ml. dose of type C toxoid is 
at least two years.* 

Data in table 3 and graph 1 indicate that 
mice are more sensitive as test animals for 
evaluating type C toxoids than mink. The 


TABLE 3—Evaluation of Clostridium Botulinum Type C Toxoids in Mice—Cumulative 
Challenge Results from Two Replicates in Mice 


Calculated Toxoid lot 
l.d.so* FDA FDB FDC SWA SWB swe Placebot 
32,000.0 0/39** 28/40 4/36 5/35 10/39 
0 70 11 14 
3,200.0 0/30 _19/30 1/28 3/28 5/30 ee 
0 63 3.6 rt 17 33 
320.0 0/20 12/20 0/20 2/20 1/20 5/20 30/30 
0 60 0 10 a 25 ~ 100 
32.0 0/10 0/10 0/10 2/10 20/20 
0 70 0 0 0 20 100 
100 
0 


* The ld.so was calculated from the placebo end point; 
** numerator = No. dead/No. challenged (cumulative), denominator = percentage of deaths. 


bacterin ; 


+ placebo = Clostridium perfringens type D 
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correlation between the immune responses 
of mice and mink was good. Toxoid FDB 


was rejected as being a poor antigen in. 


mink (79% protection) as well as in mice 
(30% protection against a challenge dose 
of 32,000 l.d.so). The varying ability to 
stimulate immunity in mink with the other 
toxoid preparations was paralleled in mice. 
It is conceivable that a toxoid that was 
satisfactory in mink would be rejected 
when tested in mice. 

None of the toxoid lots caused visible 
local or systemic reactions, and examina- 
tion of the pelt at pelting time demon- 
strated that there was no damage. With 
proper vaccination techniques, no residual 
nodule was evident that might cause the 
pelt to rip when fleshed. 


SUMMARY 


Six Clostridium botulinum type C tox- 
oids, prepared from parent toxin produced 
in two different mediums and containing 
varying amounts of antigenic material, 
were evaluated in mink under field condi- 
tions. All except one of the toxoid lots 
stimulated good immunity responses in 
mink exposed to more than 100 mink 1.d.50 
of Cl. botulinum type C toxin administered 
per os. 

The vaccinated mink were resistant to 
challenge for at least 139 days. The chal- 
lenge dose killed 68 per cent of 95 mink 
vaccinated with a placebo and 100 per cent 


of 61 nonvaccinated control mink. Obser- 
vations were made as to why greater mor- 
tality was not obtained in the placebo 


group. 

There was little indication of variance 
in susceptibility to type C intoxication 
among male kits, female kits, and female 
adults. 

A definite correlation between the im- 
mune responses in mice and mink to Cl. 
botulinum type C toxoids was established. 
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Laboratory Evaluation of a Trivalent Toxoid for Botulism 


GEORGE S. APPLETON, M.S., and PHILIP G. WHITE, Ph.D. 


Madison, Wisconsin 


IN A PREVIOUS PAPER, Appleton and White? 
reported on laboratory variables affecting 
toxin production and toxoid evaluation of 
Clostridium botulinum type C toxin and 
toxoid. These studies were initiated to pro- 
vide a toxoid suitable for the immunization 
of mink against type C botulism. Since an 
outbreak of botulism in captive mink on 
a ranch in Colorado was reported to be 
caused by Cl. botulinum type A,° several 
investigators have studied the suscepti- 
bility of mink and other species to the 
toxin of both type A and Cl. botulinum 
type B.*:+* It has been found that mink 
are highly susceptible to type C toxin but 
only slightly to moderately susceptible to 
the toxins of types A and B. 

Botulism in mink usually has been caused 
by type C.*:!° Outbreaks in other species, 
caused by types A, B, and C, are known. 
Man is highly susceptible to the toxins of 
types A and B,'* while most avian species, 
as well as most ruminants, are susceptible 
to all three types.'* Botulism has occurred 
in horses! and sheep.'* 

Although type C toxoids are produced 
commercially in the United States, immu- 
nization programs in many susceptible 
species would preferably utilize toxoids 
composed of at least three types (A, B, 
and C). This paper reports the results of 
laboratory studies on such a_ trivalent 
toxoid. 


MATERIALS AND METHODS 


Organisms.—Four type A _ strains, ‘‘ Hall,’’ 
X232-2AH-7, JTD-III, and a _ nonsporulating 
strain, and two type B strains, ‘‘Beans’’ and 
‘*Okra,’’ were studied.* In a previous report,’ it 
was shown that type C strain ‘‘South Africa’’ 
was highly satisfactory for toxoid production. 

After verification of the serological type with 
specific antiserum? by toxin neutralization, strain 


From the Research Division, American Scientific Lab- 
oratories, Inc., Madison, Wis. 

* Strain “Hall’ was provided by Dr. Carl Lamanna, 
Johns Hopkins University, Baltimore, Md.;_ strains 
X232-2AH-7 and JTD-III by Dr. J. Frederick Bell, 
Rocky Mountain Laboratory, Hamilton, Mont.; the non- 
sporulating strain and the two type B strains by Dr. 
George Wright, Fort Deterick, Frederick, Md. 

+ Supplied by Dr. Arden Killinger, Fort Dodge Lab- 
oratories, Inc., Fort Dodge, Iowa. 


‘*Hall’’ (type A) and strain ‘‘Okra’’ 
were selected for further study. 


(type B) 


Medium.—The medium used to culture all three 
types consisted of proteose peptone (4%), enzy- 
matic hydrolysate of casein (2%), yeast extract 

2%), and dextrose (1%), with a final pH of 7.6 
after autoclaving. 

Toxins.—Whole culture toxins of the three types 
were produced in intussuscepted membranes (Vis- 
king) filled with physiological saline solution and 
immersed in the medium.” *™“ 

Toxin Titration—In all instances, titrations 
were conducted in healthy male white mice of one 
strain obtained from a single source. The mice 
weighed 15 to 25 Gm. All toxin dilutions were 
made in phosphate buffer (pH 6.5) containing 
0.2 per cent gelatin. Whole culture toxins were 
used for titrations. The 1.d.s. end points were eal- 
culated by the method of Reed and Muench.” 

Preparation of Toxoids.—Toxoids were pre- 
pared from five- to ten-day cultures of the three 
types grown at 37 C. by adding commercial for- 
malin (0.5 to 0.6%) and reineubating at 37 C. 
for eight to 12 days. Toxoids were initially pre- 
pared by adding the formalin to undiluted ecul- 
tures, but it was found that the cultures were 
highly resistant to detoxification in this state. 
Subsequent preparations, therefore, were diluted 
three- to fivefold before formolization. Complete 
detoxification was verified by parenteral injection 
of mice and guinea pigs (250 to 400 Gm.). 

After detoxification, each of the three types 
was adsorbed separately onto aluminum complexes 
formed in situ by adding sterile potassium alumi- 
num sulfate to a final concentration of 1.0 per 
cent of the original culture volume. The potassium 
aluminum sulfate was added under mild agitation, 
and the pH readjusted to 6.0 to 6.5 with sodium 
hydroxide. The adsorbed toxoid was allowed to 
settle in the refrigerator for 48 hours. The super- 
natant fluid from each type was decanted to the 
original volume of the harvested culture. After 
further adjustirg the pH of each type to 6.0 to 
6.5, they were pooled in equal volumes. The mix- 
ture, therefore, represented a 1:3 dilution of the 
original culture of each type. To study the effect 
of further dilution, 2 parts of a 0.5 per cent 
formolized physiological saline solution was added 
to 1 part of the mixture, which gave a 1:5 dilution 
of each type. 

Immunization.—The relative toxicity of each of 
the three types (A, B, and C) was determined for 
mice, guinea pigs, and ferrets. Ferrets were found 
to be highly susceptible to type C toxin and only 
slightly susceptible to types A and B toxin, while 
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mice and guinea pigs were almost equally sus- 
ceptible to all three types. For reasons of economy 
and ease of handling and maintenance, the mouse 
was chosen for immunization studies. Healthy 
white mice were immunized by intraperitoneal 
injection of 0.5 ml. of toxoid and challenged 21 
days later with lyophilized whole culture toxin. 


RESULTS AND DISCUSSION 


Mouse intraperitoneal titers of the whole 
culture toxins ranged from 10° 5 to 10°%° 
ld.so per milliliter for all three types. 


TABLE i1—Toxoid Dilutions Used for the Im- 
munization of Mice 
Dilution No. mice vaccinated 
Undiluted 15 
A 1:3 15 
1:5 15 
Undiluted 15 
B 1:3 15 
1:5 15 
A-1/3 ze 
B-1/3 Combined 1:3 45 
C-1/3 1:3 
A-1/5 ) 1:5 
B-1/5 Combined 1:5 45 
0-1/5 1:5 
Saline-2/5 


| 
| 
| 
| 
| 
| 
| 


Types A and B usually had a titer about 
1 log higher than type C. For immuniza- 
tion of mice, dilution groups were prepared 
as shown (table 1). 

The design of the challenge schedule was 
so arranged as to allow calculation of a 
‘*protection index’’ (see footnote, table 2). 
Type C was not studied as a monovalent 
preparation since numerous previous 
studies have been made with type C toxoid 
and its activity is well defined.* The results 
of challenge of mice vaccinated with vari- 
ous toxoid dilutions are given (table 2). 


While the results reported here are 
limited, several observations of question- 
able significance may be made. Rice 
observed that the antigenicity of type B 
toxoid was enhanced when mixed with 
type A toxoid. A reciprocal exalting effect 
of type A toxoid by type B toxoid was not 
evident in the work done by Rice or by the 
authors. In the work reported here, type 
B toxoid alone elicited a protection index 
of 250,000 at a dilution of 1:3. In combi- 
nation with types A and C toxoids, at a 
dilution of 1:3, the protection index was 
greater than 250,000. Further, at a dilu- 
tion of 1:5, type B toxoid alone gave a 
protection index of 5,000, whereas in com- 
bination with types A and C, at a dilution 
of 1:5, the protection index was 80,000. 

Rice * attributed the enhanced immuniz- 
ing efficacy of type B toxoid when mixed 
with type A toxoid to a nonspecific adju- 
vant effect. It is not possible to state, based 
on the results reported here, whether the 
apparent adjuvant effect on type B toxoid 
was because of type A, type C, or a com- 
bination of the two toxoid fractions. 

The correlation between results, when 
mice were immunized with undiluted, 1:3, 
and 1:5 dilutions for types A and B mono- 
valent preparations, was considered good. 
The difference in the protection index be- 
tween either type, when tested alone at 
either 1:3 or 1:5 dilutions and when tested 
in combination at either 1:3 or 1:5 dilu- 
tions, is not considered significant. Because 
of the relatively small number of mice 
used, the difference between a protection 
index of 20,000 and one of 3,200 might be 
the result of the survival or death of only 
1 or 2 mice. A variation of 0.2 to 0.3 of a 


TABLE 2—The Resistance of Vaccinated Mice to Challenge with Clostridium Botulinum 
Types A, B, and C Toxins 


Results of challenge at 21 days postvaccination 


Toxoid type Challenge 1.d.s0 
and dilution toxin (type) controls 
A-undiluted A 6.0 
A-1:3 A 6.0 
A-1:5 A 6.0 
B-undiluted B 6.4 
B-1:3 B 6.4 
B-1:5 B 6.4 
ABC-1:3 A 6.0 
ABC-1:3 B 6.4 
ABC-1:3 Cc 5.5 
ABO-1:5 A 6.0 
ABC-1:5 B 6.4 
ABC-1:5 5.5 


Logo 1.d.s0 Log Protection 
vaccinees difference index* 
1.0 5.0 100,000 
1.4 4.6 40,000 
1.7 4.3 20,000 
<1.0 >5.4 >250,000 
1.0 5.4 250,000 
2.7 3.7 5,000 
1.7 4.3 20,000 
<1.0 >5.4 >250,000 
<1.0 >4.5 >82,000 
2.5 3.5 3,200 
1.5 4.9 80,000 

<1.0 >4.5 >32,000_ 


x4 The protection index is the antilog of the log difference between the 1l.d.so of the control mice and the 
vaccinated mice. All mice were challenged intraperitoneally with 0.1 ml. of decimal toxin dilutions. 
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log in the titer of the challenge toxin from 
one evaluation to another also will reflect 
a variation of several thousands in the pro- 
tection index results. 

In initial toxoid preparations, with all 
three types, some difficulty was encoun- 
tered in completely detoxifying the parent 
cultures. It was found, for example, that 
type A cultures, when detoxified as the 
original undiluted culture with 0.5 to 0.6 
per cent formalin at 37C. for 24 to 32 
days, were still toxic when administered 
parenterally to guinea pigs. The same was 
true of type B cultures. Type C was more 
easily detoxified. Higher concentrations of 
formalin (0.8 to 1.0%) caused rapid de- 
struction of the antigen at 27C. Lower 
temperatures (room and refrigerator tem- 
peratures) were impractical because of the 
prolonged time necessary to completely de- 
toxify the cultures (30 days to several 
weeks). 

Suitable conditions for the detoxifica- 
tion of cultures and maintenance of high 
antigenicity in the toxoid were determined 
to be as follows: Type A, B, and C eul- 
tures were detoxified separately in a di- 
luted state (diluted by a factor of 3 or 5) 
for ten to 14 days at 36 to 37 C. with 0.5 
to 0.6 per cent commercial grade formalin. 


SUMMARY 


Several factors concerned with the prep- 
aration and evaluation of a trivalent toxoid 
containing equal parts of Clostridiwm botu- 
linum types A, B, and C were studied. 

1) Type A (strain Hall), type B (strain 
Okra), and type C (strain South Africa) 
were determined to be satisfactory strains 
for toxoid production. 

2) The medium described was satisfac- 
tory for growth and toxin elaboration for 
all three types. Toxins for all three types 
were produced in intussuscepted mem- 
branes. 


3) A suitable method for conversion of 
parent toxin to toxoid was described. 

4) Mice were determined to be satis- 
factory experimental animals for the eval- 
uation of types A, B, and C toxins and 
toxoids. 

5) Trivalent toxoids, which served as 
satisfactory antigens in mice against large 
doses of toxin of all three types studied, 
were prepared by the methods and criteria 
described. 
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Studies on Pasteurella Multocida. |V. Serological Types from 
Species Other than Cattle and Swine 


G. R. CARTER, D.V.Sc. 


Guelph, Ontario 


IN THE THIRD report * in this series, data 
were presented on the serological type, as- 
sociated disease, and geographic source of 
strains of Pasteurella multocida recovered 
from cattle and swine. It was found that 
types A and D were the most prevalent 
varieties isolated in North America. Many 
bovine strains recovered from epizootic pas- 
teurellosis (hemorrhagic septicemia) occur- 
ring in tropical and subtropical countries 
were type B. 

It is the purpose of this report to give 
the results of the serological examination of 
a large number of strains of Past. multocida 
recovered from species other than cattle 
and swine. 


MATERIALS AND METHODS 


Strains of Pasteurella Multocida Examined.— 
These strains were submitted by laboratories in 
various parts of the world. Although most cultures 
were freshly isolated and had undergone few trans- 
fers, some were stock cultures of varying ages. The 
conventional criteria, as outlined by Merchant,® for 
the identification of Past. multocida were used. 

Hemagglutination Test——This test was carried 
out in the manner described previously. It in- 
volved the adsorption of the specific capsular sub- 
stance in the form of a saline solution extract to 
type O human erythrocytes and the addition of 
these treated cells to dilutions of the typing serums. 
A positive reaction consisted of agglutination of 
the erythrocytes, as shown by shaking after the 
tubes were left at room temperature for two hours. 
Four serum dilutions were used routinely. A posi- 
tive reaction in the first two dilutions was required 
for type identification. 

Acriflavine Test.—This test for the identification 
of morphological and antigenic characteristics of 
colonies of Past. multocida has been described.* 
As with other species, it has been shown that anti- 
genic characteristics may change. The terms 
‘*mucoid’’ and ‘‘smooth’’ have been used in re- 
ferring to colonial morphology, and ‘‘M,’’ ‘*§8,’’ 


From the Department of Research, Ontario Veterinary 
College, Guelph. 

This study was aided by a grant from the Lederle Lab- 
oratories Division, American Cyanamid Co., Pearl River, 
N.Y. 

The author thanks the laboratories that submitted 
strains of Pasteurella multocida for serological exami- 
nation. 


and ‘‘S®’’ in referring to antigenic character- 
istics. The term ‘‘S*’’ designates the most im- 
portant type of colony from the standpoint of 
serology. The S® colonies are morphologically 
smooth but antigenically rough; i.e., they do not 
possess the specific capsular substance. 

All cultures examined serologically were sub- 
jected to the acriflavine test. The only reaction 
listed was the flocculent reaction obtained with 
cultures composed mainly of S* colonies. 


RESULTS 


The type designations of 99 typable 
strains are listed (tables 1,2). The cultures 
from a number of species are listed in table 
1, while only avian strains are listed in 
table 2. The distribution of the different 
types for each species is shown (table 3). 

Of 99 strains typed, 62 were type A, 14 
were type B, and 23 were type D. The 
majority of the type B strains were from 
buffaloes. The type A and D strains were 
associated with a wide range of disease 
processes. Information relative to the as- 
sociated disease was not available for a 
small number of cultures. 

Many cultures were not typable by the 
hemagglutination test. These are referred 
to according to origin: 

Cat Origin.—Of the 25 strains examined, 
22 could not be unequivocally typed. Seven- 
teen were antigenically rough, as deter- 
mined by the acriflavine test. Ten were 
identified tentatively as type C but, because 
of cross reactions, it was thought advisable 
to defer positive identification. The major- 
ity of the cultures were recovered from the 
upper respiratory tracts of cats that had 
died from various causes. 

Dog Origin.—Of the eight strains exam- 
ined, seven were not typable; five of these 
seven were antigenically rough. 

Fowl Origin.—Of 138 cultures, only 43 
were clearly typable. Of the 95 nontyp- 
able cultures, 76 gave reactions with acri- 
flavine that indicated antigenic roughness. 
The majority of the nontypable strains 
were recovered from chronic lesions that, 
in most instances, had no relation to acute 
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TABLE i—Geographic Origin, Disease Process, 
and Serological Type of Strains of Pasteurella 
Multocida Recovered from Various Species 


No. Sero- 
Disease logical 
Species tures Origin process type 
Buffalo 
2 France Hem. sept. B 
2 India Hem. sept. B 
3 Malaya Hem. sept. B 
3 Pakistan Hem. sept. B 
1 Turkey Hem. sept. B 
1 Philippines A 
Cat 
1 Massachusetts __...... A 
Iowa Wound A 
Dee 
1 B 
1 D 
Dog 
1 Alberta Tooth abscess D 
Horse 
1 Egypt Hem. sept. B 
1 Iowa Lung D 
Man 
1 Australia Pneumonia D 
1 Iowa Bronchiectasis D 
1 A 
1 lowa Sputum D 
1 Iowa Peritoneal fluid D 
1 Ontario Cat bite A 
1 Ontario Cat scratch A 
Mink 
3 Alberta A 
1 D 
Monkey 
1 A 
Mouse 
1 D 
1 Alberta Lung D 
Rabbit 
2 Alberta Pneumonia D 
1 Illinois Throat edema A 
1 Ontario Septicemia D 
2 Ontario Pneumonia A 
1 Alberta Skin abscess A 
3 Ontario Skin abscess A 
Sheep 
2 Alberta Pneumonia D 
1 Alberta Pneumonia A 
1 Austraiia Pneumonia A 
1 Montana Mastitis A 
1 Montana Mastitis D 
2 Ontario Pneumonia A 
1 Ontario Pneumonia D 
1 Pakistan Septicemia B 
1 D 
1 A 


Hem. sept.= hemorrhagic septicemia. 


fowl cholera. Some of the more frequent 
disease processes were sinusitis, tracheitis, 
keratoconjunctivitis, and wattle infection. 
Many strains probably were secondary in- 
vaders. Type A strains occurred most fre- 
quently in acute cholera. 

Human Origin.—Of the ten strains col- 
lected, three were antigenically rough and 
nontypable. 

Mink Origin.—Nine strains were exam- 
ined, of which five were nontypable. Three 
of these were antigenically rough. 


Mouse Origin.—Of a total of four cul- 
tures, two were nontypable. 

Rabbit Origin.—Nineteen cultures were 
examined and nine were nontypable. Four 
strains were antigenically rough. The prin- 
cipal disease processes were abscesses and 
respiratory infection. 

Sheep Origin.—A total of 27 strains was 
examined. Of the 15 cultures that were 
nontypable, only one was antigenically 
rough. 

DIscUSSION 

It is evident from the series of studies of 
which this is a part that there are three 
readily identifiable types of Past. multo- 
cida; i.e., types A, B, and D. Types A and 
D are distributed widely, with regard to 
host range and disease process. As pointed 
out previously, type B cultures are the 
cause of epizootic hemorrhagic septicemia 
of cattle. 

This and earlier studies indicated the 
existence of another major group, which 
was denoted ‘‘type C.’’ There was evidence 
that this type occurred most frequently in 
dogs and cats. However, the hemagglutina- 
tion test has not identified these strains 
clearly and, for this reason, many of the 
avian, canine, and feline strains that gave 
low-titer type C reactions were referred to 


TABLE 2—Origin, Disease Process, and Sero- 
logical Type of Strains of Pasteurella Multocida 
Recovered from Fowl 


Sero- 

No. logical 

cultures Origin Disease type 
9 Alberta Chronic and acute cholera A 
2 Alberta Chronic cholera D 
13 Formosa Cholera A 
2 France Cholera A 
1 Kenya Cholera A 
4 Maine Cholera \ 
2 Ontario Cholera D 
5 Ontario Acute cholera A 
2 Quebec Acute cholera A 


as nontypable. That many of these strains 
constituted a separate group, immunologi- 
cally, was demonstrated by a serum-protee- 
tion test in mice, carried out as described 
by Roberts.* Bain! was of the opinion that 
many of the strains from dogs and eats 
may constitute a single group. 

The strains that would appear to be most 
pathogenic and were associated with defi- 
nite disease processes were, for the most 


XUM 


pé 

se 

B 

Ce 

D 

D 

Fe 

H 

M 

M 

M 

M 

R 

8 

ti 

ST 

a 

e 

SI 

h 

0 

a 

b 

h 

t 


XUM 


Am. J. Vet. REs. 
JANUARY, 1959 


STuDIES ON PASTEURELLA Muurtocipa. IV. 


part, typable. Studies with numerous anti- 
serums would indicate that there are a num- 
ber of types which occur less frequently. 

It was observed that the colonies of a 
considerable number of nontypable cul- 


TABLE 3—Distribution of Types in Species Other 
than Cattle and Swine 


Species A B D typable 
Buffalo 1 11 0 0 
Cat 2 9 1 22 
Deer 0 1 1 0 
Dog 0 0 1 7 
Fowl 39 0 4 95 
Horse 0 1 1 0 
Man 3 i) 4 3 
Mink 3 0 1 5 
Monkey 1 0 0 0 
Mouse 0 0 2 2 
Rabbit 7 0 3 9 
Sheep 6 1 5 15 

62 14 23 158 


Totals 


tures from various species gave a mucoid or 
stringy reaction in acriflavine. Their low 
virulence for mice, stringy growth in broth, 
and marked pleomorphism indicated a tend- 
ency toward roughness. These cultures 
should be distinguished from the strains of 
high virulence for mice, referred to pervi- 
ously,? that gave the mucoid reaction in 
acriflavine. 

Pasteurella multocida does not appear to 
be related immunologically to Pasteurella 
hemolytica. Neither the simple agglutina- 
tion test nor the hemagglutination test de- 
scribed has shown any antigenic factors 
common to these two species. 


SUMMARY 


Strains of Pasteurella multocida from 
various species, diseases, and geographic 
locations were examined serologically by 
the indirect hemagglutination test. Of 257 
strains, only 99 were clearly typed. Of 
these, 62 strains were identified as type A, 
14 as type B, and 23 as type D. All but two 
type B strains were recovered overseas from 
buffaloes with acute pasteurellosis (hemor- 
rhagic septicemia). The type A and D 
strains were recovered from animals with 
a variety of disease processes, many of 
which were sporadic. Type A strains pre- 
dominated as the cause of acute fowl chol- 
era. The existence of a third large group 
or type was indicated but, because of in- 
conclusive hemagglutination reactions, final 
identification was suspended. 
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A Serological Study on Some Strains of Listeria 
Monocytogenes Isolated in Michigan 


JEANNETTE DONKER-VOET, D.V.M. 
East Lansing, Michigan 


THE ANTIGENIC characterization of Listeria 
monocytogenes dates from 1933, but the 
most important contributions were made by 
Paterson,*:* in 1939 and 1940. 

Paterson investigated 54 strains and demon- 
strated the presence of both H and O antigens. 
Besides the common factor, B, he demonstrated 
three other factors, A, C, and D, in the flagellar 
system. In the O antigens, he distinguished three 
somatie groups, i.e., a group with factors I, II, 
and (III), a group with factors II, IV, and (III), 
and a group with factors V and (III). The com- 
mon factor, III, was regarded by him as unim- 
portant. Paterson distinguished a total of four 
types: 

Type 1: factors I, II, (IIT) AB 
Type 2: factors I, II, (IIL) BD 
Type 3: factors II, IV, (III) AB 
Type 4: factors V, (IIT) ABC 


Seeliger ° distinguished two subtypes in the type 
4 strains; he referred to these as subtypes 4a and 
4b. These have a common factor, V, but Seeliger 
discussed no further details of the two subtypes 
in his book. He stated, however, that the known 
serotypes probably do not include all the anti- 
genically distinct types which exist. 

Donker-Voet ** reported a subdivision of the 
type 4 strains into five subtypes, as follows: 


Type 4a: (III), V, VII, Ix ABC 
Type 4b: (III), V, VI ABC 
Type 4c: (III), V, VII ABC 
Type 4d: (III), (V), VI, VIII ABC 


Type 4e: (III), V, VI, VIII,IX ABC 


Factors III and V were found to occur irregu- 
larly in the strains. Types 4a and 4b correspond 
to the subtypes 4a and 4b of Seeliger. 


MATERIALS AND METHODS 


Most of the strains of L. monocytogenes used 
in this study were isolated from human beings, 
cattle, and sheep in Michigan.* 

The technique used corresponds largely to that 
described by Paterson.** The nutrient medium 


From the Department of Microbiology and Public 
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Study Grant of the American Association of University 
Women and a Fulbright Travel Grant. 

* The strains were collected by Dr. M. L. Gray while 
he was with the Department of Veterinary Pathology, 
Michigan State University, East Lansing. 


used consisted of tryptose-phosphate broth and 
tryptose-phosphate agar (Difco). 

A smooth, spreading (indicating motile organ- 
isms) colony from a pour-plate culture (0.65% 
agar), incubated for two days at room tempera- 
ture, was transferred into tryptose-phosphate 
broth. The resulting growth was used to inocu- 
late flasks of tryptose-phosphate broth which were 
incubated for two days at room temperature. 
Formalin then was added to a final concentration 
of 0.25 per cent. These suspensions were used 
both for the inoculation of rabbits and for H 
agglutination tests. 

The original tryptose-phosphate broth culture 
also was used for the inoculation of Roux flasks 
containing tryptose-phosphate agar (2% agar). 
These bottles were incubated for two days at 37 C., 
and the resulting growth was removed with saline 
solution and then heated for two hours at 100C. 
to destroy the flagella. The suspensions were cen- 
trifuged and resuspended in saline solution con- 
taining 0.25 per cent formalin. From these dense 
suspensions, suitable dilutions were made to pro- 
vide antigens for the inoculation of rabbits and 
for O agglutination tests. 

H and O antiserums were prepared against 
strains of each of the types and subtypes. Adult 
rabbits were injected intravenously by a schedule 
described by Paterson.** For the antibodies to 
the H antigen, the rabbits were injected five times 
at three-day intervals, with a rest period of ten 
days. This series was repeated at least once, sev- 
eral times in some animals, until an acceptable 
titer was obtained. The rabbits used for the pro- 
duction of antibodies against the O antigen were 
injected daily for six days, and a rest period of 
one week was permitted. This series was repeated 
at least once, and usually more, until a satisfae- 
tory titer was obtained. Levels of at least 1:1,280 
for H antigens and at least 1:640 for O antigens 
were considered acceptable. The serum was not 
heated and was stored in the cold without a pre- 
servative. 

The agglutination tests were set up in geometric 
series starting at a dilution of 1:20. Readings 
were made for the H agglutination tests after two 
hours in the water bath at 50C. and for the O 
agglutination tests after three hours in the water 
bath at 45C. and storage overnight in the ineu- 
bator at 37C. 

The antigens used in the agglutination tests 
were adjusted at a density corresponding to tube 
3 of the MacFarland nephelometer. The adjust- 
ments were made by direct observation, which 
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TABLE 1—Strains of Listeria Monocytogenes Isolated from Human Beings 
Strain Place Source of 
(No.) isolated culture Age Formula Type 
1176 Detroit Brain Adult I, II, (111) AB Je 
967 Grand Rapids Spinal fluid Adult I, II, (III) ABC 1b 
2469 Muskegon Spinal fluid Adult II, IV, (111) ABC 8b 
455 Ann Arbor Spinal fluid 18 months V, VI, (III) ABC 4b 
1782 Grand Rapids Spinal fluid Adult V, VI, (III) ABC 4b 
2311 Detroit Blood Adult V, Vi, (ITI) ABC 4b 
2456 Detroit Spinal fluid Adult V, VI, (III) ABC 4b 
2470 Detroit Spinal fluid 10 days V, VI, (IIT) ABC 4b 
2658 Detroit Spinal fluid Adult V, VI, (III) ABC 4b 
2749 Se pre Adult V, VI, (IIT) ABC 4b 
2454 Columbus Spinal fluid 9 years V, VI, (III) ABC 4b 
1879 Georgia Spinal fluid Girl V, VI, (III) ABC 4b 
1809 Ann Arbor Spinal fluid 3 weeks V, VII, (111) ABC 4c 
2659 Detroit Spinal fluid Adult V, VII, (ITT) ABC 4c 


may entail fairly extensive variations and, there- 
fore, no absolute value can be attached to the 
figures obtained. The titer was recorded as the 
dilution in the last tube that gave at least 50 per 
cent agglutination. 

Agglutinin-absorption tests were carried out 
with the serums to obtain complete removal of 
the homologous agglutinins. In this way, mono- 
specific serums were prepared to ascertain which 
of the H antigens (A, C, D) and the O antigens 
(I, IV, V, VI, VII, VIII, IX) were present in 
each of the strains in our possession. 


RESULTS 


Among the cultures studied, there proved 
to be three groups of strains which have 
not been described previously. These have 
been designated ‘‘1b, ‘‘3b,’’ and ‘‘4ab.”’ 

There were type 1 strains with the for- 
mula designated by Paterson *:* which con- 
tained factors I, II, (1I1) AB and were 
called ‘‘la.’’ The new type, 1b, possesses 
in addition the flagellar antigen, C, and 
has the formula, I, II, (III) ABC. 

There was only one type 3 strain among 
the cultures investigated. This strain did 
not have the type 3 formula of Paterson 
[II, IV, (111) AB], but contained factors 
II, IV, (III) ABC, and was called ‘‘3b.”’ 
Seeliger and Sulzbacher* mentioned two 
different type 3 strains, but gave no fur- 
ther details. 

There was a group of type 4 strains with 


the factors V, VI, VII, IX, (III) ABC, 
which did not correspond to any described 
previously. This group has been designated 
‘‘type 4ab.’’ In some of these strains, the 
serological reaction with one of the factors, 
VI, VII, or LX, was weak. 

Among the strains studied, 14 were iso- 
lated from human beings (table 1). Twelve 
were obtained in Michigan, one in Georgia, 
and one in Columbus, Ohio. All cultures 
were isolated from human beings with 
cases of meningitis. 

The majority of the cultures (9) were 
found to be type 4b, two were 4c, and 
there was one representative each of types 
la, 1b, and 3b. Nine strains were from 
adults and five were from children. 

There were 55 cultures of bovine origin, 
and most of them were isolated from the 
brains of cows with encephalitis (table 2). 
Six cultures were isolated from the livers 
of young calves, one strain was isolated 
from the cervix of a cow, and two strains 
were from the stomach contents of aborted 
fetuses. 

The majority of the bovine strains (26) 
belonged to type 4b, four strains belonged 
to 4a, four to 4c, and nine strains were 
found to be type 4ab. Only 12 of the strains 
belonged to type 1 and, of these 12, six 
were isolated from young animals. Types 
la and 1b were equally divided. 


TABLE 2—The Types and Antigenic Formulas of Strains of Listeria Monocytogenes Isolated 
from Various Tissues of Infected Cattle 


Types and antigenic formulas 


la 1b 4a 4b 4c 4ab 
Source of V, VII, TX, V, VI, V, VII, V, VI, VII, 
culture (III) AB (TT) ABC (III) ABC (IIT) ABC (III) ABC IX, (III) ABC Total 

Brain 2 4 3 24 4 9 46 
Liver 3 2 1 is os a 6 
Fetus 1 1 2 
Cervix a 1 1 
Total 6 6 4 26 4 9 55 
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TABLE 3—The Types and Antigenic Formulas of Strains of Listeria Monocytogenes Isolated 


from Sheep 
Types and antigenic formulas 
la 1b 4a 4b 4c 4ab 
vas, 4TH, Vv; Vie V, VII, V, VI,VII, 
Tissue he (III) AB (III) ABC (III) ABC (III) ABC (III) ABC IX, (III) ABC Total 
Liver 1 1 
Total 19 18 30 3 5 75 


There were 74 strains isolated from the 
brains of sheep with encephalitis. One 
strain was obtained from the liver of a 
lamb (table 3). 

Among the sheep strains, there were 37 
strains belonging to type 1, 19 to type la, 
and 18 to type 1b. The remaining 38 strains 
belonged to type 4 and, of these strains, 
30 were type 4b, three were 4c, and five 
were 4ab. 

The results of the study of the antigenic 
structures of the 142 strains of L. mono- 
cytogenes isolated in Michigan are shown 
(table 4). Of these strains, 51 belonged 
to type 1, and 26 of these were type la 
and 25 were type lb. One culture was a 
type 3b strain, and 90 strains were type 4 
strains. The latter group was subdivided 
into four strains belonging to type 4a, 63 
strains belonging to type 4b, nine strains 
belonging to type 4c, and 14 strains belong- 
ing to type 4ab. 


TABLE 4—The Antigenic Types of the Cultures 
of Listeria Monocytogenes Isolated in Michigan 


Source of Antigenic types 


culture la 1b 3b 4a 4b #£ 4c 4ab Total 
Man 1 1 1 iad 7 2 ae 12 
Cattle 6 6 nes 4 26 4 9 55 
Sheep 19 18 30 3 5 75 
Total 26 25 1 4 63 9 14 142 


In addition, eight strains from cattle and 
sheep in Montana were studied. Five of 
these strains belonged to type la, one to 
type 4b, and two to type 4ab. 

Nine strains isolated in Japan from sheep 
and goats also were investigated. Of these 
strains, eight belonged to type 4b and one 
strain, isolated from a goat, was type 1b. 


DISCUSSION 


Most of the strains of L. monocytogenes 
isolated in Michigan belonged to type 4. 
The most common of the type 4 strains is 
the subtype 4b. These results differ from 
those found in Germany. Potel® reported 


from East Germany that, of 156 human 
strains, 147 were type 1. Seeliger,® in West 
Germany, wrote that ‘‘Type 1 is known to 
be prevalent and the other types are rela- 
tively rare in Germany.’’ In Holland, 
types 1 and 4 are about equally divided. 

The percentage of type 1 strains was 
higher in sheep than it was in cows and 
human beings. Among the type 1 strains, 
type la [I, II, (111) AB] and type 1b 
[I, Il, ({11) ABC] were about equally 
divided. Although type 1b has been found 
in Holland and in Switzerland, this type is 
rare in Europe. 

There was only one type 3 among the 
strains studied here. Dr. Seeliger has one 
type 3 strain in his collection which was 
isolated in the United States. This strain 
has the same formula [II, 1V, ABC} 
as that found for the single type 3 strain 
reported here and it is, presumably, the 
same culture. 

Among the cultures, there was a group 
which contained the factors V, VI, VII, 
and IX. This group was called ‘‘4ab.’’ In 
some of these strains, there was only a 
weak reaction with the serums specific for 
the factors VI, VII, or IX. 

The cultures studied were isolated prin- 
cipally from man and animals in Michigan 
and may not be entirely representative of 
the occurrence of the various antigenic 
types in the United States. 

There seems to be little correlation be- 
tween the antigenic type and the species 
of the animal from which the culture was 
obtained or the region of Michigan in 
which the animals, or man, were found. 


SUMMARY 


The antigenic types of 142 strains of 
Iisteria monocytogenes isolated in Michi- 
gan were studied. Of these strains, 51 be- 
longed to type 1. The strains were sub- 
divided into 26 strains with the formula, 
I, II, (111) AB, and 25 strains with the 
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formula, I, II, (II1) ABC. These were 
designated ‘‘la’’ and ‘‘1b.’’ 

Type 2 was not found among the cul- 
tures investigated. 

Only one strain belonged to type 3. It 
had the formula, II, IV, (III) ABC, and 
was called ‘‘3b.’’ 

The remaining 90 strains belonged to 
type 4. These were subdivided into four 
strains belonging to type 4a [formula V, 
VII, IX, (111) ABC], 63 strain belong- 
ing to type 4b [formula V, VI, (III) 
ABC], nine strains belonging to type 4e 
[formula V, VII, (Ill) ABC], and 14 
strains called ‘‘4ab’’ [formula V, VI, VII, 
IX, (III) ABC}. 
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A Pooled Human Serum as a Standard and the Effects of 
Freezing and Thawing on the Electrophoretic 
Pattern of Baby Pig Serum 


ROBERT R. PENSINGER, M.S.; ELWOOD F. REBER, Ph.D.; ETEM ERSOY, Ph.D.; 
HORACE W. NORTON, Ph.D. 


Urbana, Illinois 


EXTENSIVE STUDIES on the development of 
procedures and techniques for paper elec- 
trophoretic separation of serum compo- 
nents have been reported. 5:9 

Henry et al.* described the stability of 
serum at room and refrigerator tempera- 
tures, but did not consider the effects of 
freezing and thawing. Mathews and Bu- 
thala ® reported that no significant altera- 
tien of the protein pattern resulted from 
repeated freezing and thawing. Moore et 
a’. stated that a comparison of the results 
of analysis of fresh human serum with 
those of serum that had been stored in a 
frozen state was not justified. They re- 
ported that freezing and thawing adult 
human serum caused a decrease in albumin 
and a corresponding increase in gamma 
globulin. 

However, the following problems arose 
in this laboratory which were not answered 
in available literature: (1) the establish- 
ment of a standard for comparison of pig 
serum from one analysis to another; (2) 
adequate resolution of protein components ; 
and (3) the effect of freezing and thaw- 
ing on the protein components of pig se- 
rum. The investigation of these problems 
is the subject of this paper. 


MATERIALS AND METHODS 


A modification of the procedure outlined else- 
where * was used for the analyses. A Durrum type 
of electrophoresis cell was used throughout this 
investigation.* It accommodates eight paper strips 
during each run. A veronal buffer of pH 8.6 at an 
ionic strength of 0.075 was used. Strips were dyed 


From the Department of Veterinary Physiology and 
Pharmacology, University of Illinois, and the Illinois 
Agricultural Experiment Station, Urbana, as collabora- 
tors under the North Central Regional Agricultural Ex- 
periment Station cooperative research project entitled 
“Death Losses in Young Pigs.’’ Dr. Ersoy is now at 
Veteriner Fakultesi, Ankara, Turkey. 

The authors thank Mr. Winfield Samuelson, Depart- 
ment of Veterinary Physiology and Pharmacology, Uni- 
versity of Illinois, for technical assistance. 

* Manufactured by Beckman Instruments Inc., Spinco 
Division, Palo Alto, Calif. 


for six hours in a bromphenol blue dye bath. The 
strips were scanned with the Analytrol recording 
scanner and integrator.* All data are presented 
as relative percentages of total serum proteins. 

No satisfactory standard was known for pig 
serum analyses. In experiment 1, the following 
materials were studied to determine their value as 
standards: bovine albumin;t bovine plasma delta 
albumin, 5 per cent solution; porcine plasma al- 
bumin, 5 per cent solution; and porcine gamma 
globulin, 10 per cent solution.t In addition, a 
mixture of 0.1 ml. porcine gamma globulin, 0.1 ml, 
bovine albumin, and 0.2 ml. distilled water was 
used. Later, standard human serum (Versatol**) 
was used. 

The standard human serum was applied to one 
of eight paper strips in 34 electrophoretic separa- 
tions to determine if there were variations in re- 
sults that could be attributed to the operator’s 
technique and the accuracy of the electrophoresis 
cell and the scanner and integrator. One operator 
made 14 sets of separations at 5 ma. for 16 hours; 
another operator made 20 sets of separations at 
21 ma. for five hours. 

Two experiments were conducted to determine 
the effects of freezing and thawing. The standard 
was the diluted mixture of porcine gamma globu- 
lin, bovine albumin, and distilled water. Heart 
blood samples were taken from pigs. Clotted blood 
was centrifuged and the serum was removed with 
a capillary pipette. Fresh serum was temporarily 
stored in a refrigerator and analyzed six hours 
later. The remainder of each sample was frozen 
and ‘held more than one week at —18C. The sam- 
ples were then thawed in water not over 37C.,, 
mixed, and reanalyzed. All the pig serum samples 
were analyzed at 5 ma. for 16 hours. 

Experiment 2 was an analysis of serum obtained 
from 2 Hampshire pigs at 22, 24, 31, 45, and 52 
days of age. Each serum sample was analyzed in 
triplicate, before and after freezing. 

Experiment 3 was an analysis of serum obtained 
from 6 Hampshire pigs at 4, 10, 12, 17, 19, 24, 26, 
and 31 days of age. In this experiment, each 
sample was analyzed once before and once after 
freezing. 


+ Supplied by Armour Veterinary Laboratories, Kan- 
sas City, Kan. 

** Versatol is prepared from freeze-dried human se- 
rum to exact standards, with the electrophoretic pattern 
of normal human serum, and is produced by Warner- 
Chilcott Laboratories, Morris Plains, N.J. 
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TABLE i—The Effect of Time and Amperage on the Average Relative Percentages of Protein 


Components of the Standard Human Serum 
Time Current No. Gisbalins 
(hours) (ma.) samples Albumin Alpha Beta Gamma 
16 5 14 60 + 5.5* 12+ 2.4 11+ 2.4 17+ 2.6 
5 21 20 58 + 6.8 14+ 3.6 11+2.6 


18+ 3.1 


~ * Average relative percentage plus or minus the standard deviation of the individual samples. 


RESULTS AND DIscuUSSION 


The commercial protein solutions were 
considered individually. Two of the solu- 
tions were extracted from plasma. Plasma 
albumin was unsatisfactory because of its 
albumin ‘‘tail.’’ The tail represents a frac- 
tion of globulins or other impurities that 
migrate more slowly than the albumin, and 
is a characteristic pattern that might be 
expected with impure albumin. Bovine 
plasma delta albumin left a substance at 
the point of application on the paper. Bo- 
vine albumin and porcine gamma globulin 
standards were useful in comparing the 
separation of these protein components in 
pig serum. These standard solutions had 
known concentrations of albumin or globu- 
lin. A diluted mixture of the two stand- 
ards was found superior, primarily because 
the standard solutions were too concen- 
trated to be analyzed. However, not all 
the fractions observed in pig serum were 
represented in these standards. 

The standard human serum, which com- 
pared favorably with the protein fractions 
of pig serum, separated into the four basic 


components: gamma globulin, beta globu- 
lin, alpha globulin, and albumin. Alpha 
globulin is sometimes regarded as consist- 
ing of two components, alpha-1 and alpha-2. 
This separation was not considered, because 
these components did not both consistently 
appear in the standard human serum or 
baby pig serum analyses. 

The effects of variation of time and am- 
perage on protein separation of pooled 
human serum are presented (table 1). 
Samples were electrophoretically separated 
for five or 16 hours. There appeared to be 
little difference between the two time 
intervals. 

The next problem was the determination 
of suitable conditions for the resolution of 
protein components of serum. Pooled hu- 
man serum components appeared to be 
adequately resolved under the condition 
of amperage and length of time of separa- 
tion described. In addition, optimum con- 
ditions for analyzing baby pig serum were 
found. Electrophoretic separation at 5 ma. 
for 16 hours was satisfactory for resolving 


TABLE 2—Relative Percentages of the Protein Fractions of Fresh Porcine Serum and Serum 
Thawed After Freezing 


Mean percentage 


Change after freezingt 


Age* 
Item (days) Fresh 
Albumin 22 41 
24 42 
31 48 
45 45 
52 38 
Alpha globulin 22 24 
24 22 
31 21 
45 26 
52 26 
Beta globulin 22 20 
24 19 
31 18 
45 18 
52 19 
Gamma globulin 22 15 
24 17 
31 12 
45 12 
52 17 


Frozen Range Average 
45 0 to +8 +4 
44 —5 to+8 +2 
43 —9 to—1 —5 
39 —12 to —1 —6 
35 —9 to+4 —3 
21 —1 to —7 —3 
23 —1 to+7 +1 
24 to +5 +3 
27 —5 to +8 +1 
26 —4to+4 0 
19 —4 to +2 —1 
18 —4to+4 —1 
18 —2 to+1 0 
20 0 to +5 +2 
21 —2 to +6 +2 
14 —2 to+1 —1 
14 —5 to+4 —3 
14 —4to+4 +2 
14 —1 to +5 +2 
18 —2 to +3 +1 


* Samples were collected from 2 pigs at each age, and each sample was 


analyzed in triplicate when 


fresh and after freezing. ¢ The standard error of the mean for albumin was +5; alpha globulin, + 4; 


beta globulin, +3; and gamma globulin + 3. 
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the four basic protein components of young 
pig serum. 

The average relative percentages of the 
albumin and globulin fractions in pig se- 
rum before and after freezing, as deter- 
mined in experiment 2, are shown (table 
2). Two animals had been used in this 
initial experiment in which the problem of 
freezing and thawing was investigated. 
There seemed to be definite changes with 
freezing and thawing. The direction of 
change, increase or decrease, varied with 
age. When the albumin data were analyzed 
statistically, a significant interaction (1% 
level) of age and freezing was found. How- 
ever, it was decided that the age relation- 
ship was beyond the scope of this paper. 
It is, therefore, our purpose to determine 
whether changes occur with respect to the 
protein components when serum is frozen. 

As the protein components are reported 
in relative percentages of the total protein, 
the total globulin percentage is 100 minus 
the percentage of albumin. Alpha and 
gamma globulin showed most of the 
changes which occurred in the globulin 


TABLE 3—Analysis of the Protein Fractions of Fresh Porcine 


fractions. There appeared to be less effect 
on the relative percentages of beta globulin 
due to freezing and thawing. 

The relative percentages of the protein 
fractions in pig serum, obtained in experi- 
ment 3, are presented (table 3). Freezing 
and thawing of these pig serums caused 
the mean relative percentages of albumin 
to increase, except at one age. Samples 
from 4-day-old pigs were the exception to 
this change. The increase in the relative 
percentage of albumin was from 3.12 to 
7.54, significant at the 99.0 per cent confi- 
dence level. 

Globulin fractions generally tended to 
decrease with freezing. Relative percent- 
ages of beta and gamma globulin decreased 
more than did that of the alpha globulin 
as a result of freezing and thawing. 

On the basis of the findings with baby 
pig serum, as well as those of Moore et al.8 
for adult human serum, it is apparent that 
freezing and thawing have an effect on the 
relative percentages of serum components. 
With human adult serum, Moore et al.® re- 
ported a decrease in the albumin fraction 


Serum and Serum Thawed 


After Freezing 


Item (days) Fresh 
Albumin 4 15 
10 27 
12 29 
17 32 
19 32 
24 31 
26 41 
31 47 
Alpha globulin 4 26 
10 26 
12 28 
17 29 
19 30 
24 28 
26 26 
31 25 
Beta globulin 4 25 
10 22 
12 22 
17 25 
19 25 
24 27 
26 21 
31 18 
Gamma globulin 4d 34 
10 24 
12 20 
17 14 
19 13 
24 13 
26 12 


Mean percentage 


Frozen Range Average 
14 —8to +2 —1.5 
28 —lto +3 +0.8 
35 0to+14 +5.8 
38 +2 to+11 +6.0 
40 +6 to +11 +-8.3 
46 +8 to +19 +14.7 
46 +lto +9 +4.7 
50 —4to +6 +3.3 
23 —9to +3 —2.3 
32 0 to +12 +6.5 
28 —3to +5 +0.2 
28 —5to +6 —0.5 
29 -6to +4 —1.0 
26 —6to +2 —1.7 
26 —3to +4 —0.3 
25 —3to +7 +0.5 
22 —6to +2 —2.3 
19 —5to —1 —3.5 
21 —Tto +2 —0.8 
22 —6to —3.5 
21 —7Tto +2 —4.2 
20 —1 to —10 —7.5 
18 -—5to —1 —2.5 
16 —6to +4 —1.5 
41 —3 to +21 +6.8 
21 —10to +2 —3.7 
16 —10to --2 —4.7 
12 —6 to 0 —2.7 
10 —5to —2 —3.7 

9 -—3to —7 —4.7 
10 —7Tto +2 —1.5 
9 —5to +2 —2.0 


* Samples were collected from 6 pigs at each age and analyzed fresh and after freezing. + The standard 


error of the mean for albumin was + 1.45; 
globulin, + 1.62. 


alpha globulin, + 1.48; 


beta globulin, +1.27; and gamma 
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and an increase in the gamma globulin 
fraction. The same changes occurred in pigs 
45 and 52 days old. It is suggested that this 
effect probably persists in pig serum taken 
from animals over 1 month old. However, 
the changes are opposite to those observed 
in samples from pigs less than 1 month old. 
Additional investigation is needed to de- 
termine the effect of age on changes due to 
freezing and thawing. 

The studies of human serum by Moore 
et al. and the studies reported here indi- 
eated that frozen samples are not equiva- 
lent to fresh samples. Disagreements be- 
tween workers may result from differences 
in technique. 

Moore et al.® suggested that drastic tem- 
perature changes cause protein denatura- 
tion. Meryman,’ in a report on the 
mechanies of freezing in living cells and 
tissues, stated: ‘‘The principal cause of 
injury from slow freezing is not the physio- 
logical presence of extracellular ice erys- 
tals, but the denaturation increased by 
dehydration resulting from the incorpora- 
tion of all free water into ice.’’ 


SUMMARY 


A pooled human serum is recommended 
as a standard for pig serum analyses. It 
may also be used for checking technique, 
equipment, and reagents. Resolution of the 
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standard components is adequate at 5 ma. 
constant current for 16 hours, or 21 ma. 
for five hours. Pig serum was resolved with 
5 ma. constant current for 16 hours. Be- 
cause freezing and thawing significantly 
altered the protein pattern of baby pig 
serum, fresh serum should be analyzed in 
preference to frozen serum. 
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The Body Fluids of Ruminants and Their Simultaneous 
Determination 


ELLIOTT L. HIX, Ph.D.; G. K. L. UNDERBJERG, D.V.M., Ph.D.; 
J. S. HUGHES, Ph.D. 


Manhattan, Kansas 


Water is the largest single component of 
the mammalian body and one of the essen- 
tial items of the diet. Its normal distribu- 
tion within the body is less appreciated. 
The development of simple and reliable 
procedures for indirect in vivo determina- 
tion of the volume of the various fluid 
phases of the body enable one to separate 
the total body water (rBw) into blood 
plasma water (pw),'* extracellular water 
(ecw),® 15 interstitial water (isw), and 
intracellular water (1cw).1 

Quantitative determination of TBW using 
tritiated (H*) water®? indicates that, while 
water is an extremely variable component 
of the bodies of mammals, the water and 
nitrogen content of the fat-free lean body 
mass is relatively constant.** The concept 
has developed that the mammalian body 
consists of a variable quantity of fat and 
water, but of a lean body mass constant in 
gross chemical composition. This constancy 
is regarded as one of the important biologi- 
eal constants.*® 

With the introduction of antipyrine by 
Brodie et al.? for the in vivo determination 
of TBW, an inverse relationship between 
body fat and water has been further quali- 
fied and quantitated in man,***® cattle,” 
and swine.** These studies have revealed 
the accuracy and application of the dilu- 
tion method of analysis (antipyrine space) 
to studies of body water and body com- 
position. 

Day-to-day fluid shifts among the several 
fluid compartments of the body, however, 
render separate analysis of their volumes 
impractical in many applications. There- 
fore, a procedure for the simultaneous de- 
termination of ECW and TBw is desirable 
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and preferable for determining these fluid 
shifts under any circumstance which may 
create special problems and aberrations in 
fluid balance. 


MATERIALS AND METHODS 


The experimental animals were 24 western-type 
black face wether sheep. Before instituting the 
mineral balance studies (Na, K, and Cl) reported 
earlier,” the volumes of the body fluids were deter- 
mined to establish a reference parameter (normal) 
for the type and species. Plasma water, ECw, and 
TBW analyses were repeated in 18 of these animals, 
ten days after the initial analyses. Other experi- 
mental animals were 3 wethers hydrated by high 
dietary salt (NaCl) intake, 3 wethers dehydrated 
by high dietary potassium bicarbonate (KHCO;) 
intake, 9 goats of mixed breeding, and 5 Short- 
horn calves, 8 to 9 months old, of close in- 
breeding. The sheep and calves were on balanced 
rations, while the goats were on a roughage main- 
tenance ration and were extremely lean as judged 
from somatotype. Due to variation in volume of 
rumen content, all animals were fasted for 24 hours 
and given no water eight to 12 hours before 
fluid volume determinations. This adjusted body 
weight has been observed to approach the empty 
body weight consistently.“ The sheep were sheared 
closely to obtain a wool-free weight. 

Extracellular water and TREW were determined 
simultaneously in all animals. Plasma water volume 
was determined only in the sheep and goats, and 
at the same time as the other determinations. 

Determination of Plasma V olume.—Plasma water 
volume was determined by the method of Kennedy 
and Millikan,” using the blue dye T-1824 (Evans 
blue), modified as follows to avoid micromethods 
and to adapt it to the Evelyn photoelectric 
colorimeter. 

A 1.0 per cent solution of T-1824 was prepared 
and filtered to remove particulate insolubles. Five 
milliliters was injected into the jugular veins of 
the sheep or goats from an accurately calibrated 
syringe. After ten minutes, a blood sample was 
drawn from the vein opposite to that injected, the 
sample was centrifuged, and the plasma separated 
in heparinized tubes. 

To 2.0 ml. of plasma in a test tube, 8.0 ml. of 
distilled water was added, and the density of this 
20 per cent plasma sample was determined at \= 
620 mu. A 20 per cent plasma sample free of dye 
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was used as a blank. The Lambert-Beer law is 
effective over a plasma dye-concentration range of 
8 to 40 wg. per milliliter with either 10 or 20 per 
cent plasma samples, and only one reference stand- 
ard of 20 ug. of dye per milliliter of plasma is 
necessary. 

Simultaneous Determination of Extracellular and 
Total Body Water.—Stock solutions of 20 per cent 
antipyrine (1-phenyl-2,3-dimethylpyrazolone-5) and 
20 per cent sodium thiocyanate (NaSCN) were pre- 
pared in aqueous solution. Equal volumes of each 
stock solution were mixed to give a solution of 10 
per cent antipyrine and 10 per cent NaSCN for 
injection. A sufficient volume was injected intra- 
yenously to give a serum concentration of 30 to 
40 wg. of antipyrine after equilibrium was estab- 
lished with the body fluids. The normal ratio of 
Ecw to TBW will insure a thiocyanate (“SNC) con- 
centration in serum of 9 to 12 mg./100 ml. For the 
sheep and goat, 10 ml. is sufficient while 30 to 
40 ml. is adequate for cattle weighing 170 kg. 
Blood samples were taken from the jugular vein 
opposite to that injected at postinjection intervals 
of two, three, four, and five hours. The sample 
was centrifuged and serum or plasma (heparin- 
ized) separated for analysis. 

Antipyrine and Thiocyanate Analysis—Two mil- 
liliters of serum was placed in a 50-ml. capacity 


TABLE 1—tThke Fluid Compartments 


glass-stoppered centrifuge bottle with a tapered 
bottom, and 1 ml. of 0.5 N sodium hydroxide was 
added. Twenty milliliters of redistilled chloroform 
was added and the bottle was sealed securely and 
shaken for 20 minutes. The bottie then was cen- 
trifuged at 4,000 r.p.m. for 15 minutes and the 
solvent phase quantitatively drawn off through a 
5-inch hypodermic needle attached to syringe of 
20-ml. capacity. Antipyrine resides in the solvent 
phase and, as it interferes with ~scn analysis, its 
removal must be quantitative. The aqueous phase 
remaining in the centrifuge bottle was temporarily 
set aside. 

A 15.0-ml. aliquot of the solvent phase containing 
the antipyrine was transferred to < 50.0-ml. beak r 
and evaporated to dryness at room temperature. 
The residue was taken up in 5.0 ml. of 0.07 N sul- 
furic acid, and 0.1 ml. of 0.2 per cent sodium nitrite 
(NaNO.) solution was added. After 25 minutes, 
the solution was transferred to silica cells and the 
density determined in the ultraviolet at \=350 
my, using a Beckman model DU spectrophotometer. 
A blank for the zero setting consisted of 5.0 ml. of 
0.07 N sulfuric acid to which had been added 0.1 
ml. of 0.2 per cent sodium nitrite. The density of 
a standard antipyrine solution containing 10 ug. 
per milliliter was determined along with the sam- 
ples. Preferably, 2.0 ml. of the standard anti- 


in Ruminants and Calculated Body Fat 


Blood Inter- Total 
plasma Extra- stitial body 
Body water cellular water water Calculated 
Species and weight (% vody water (% body (% body fat 
condition (kg.) wt.) (% body wt.) wt.) wt.) (% body wt.) 
NORMAL ANIMALS (1952 to 1953) 
Sheep (18)* 47.5 5.8 30.0 24.2 56.2 22.6 
(45.0-54.0) (5.5-6.0) (29.5-30.2) (23.0-29.0) (53.0-59.0) (19.0-27.0) 
SHEEP WITH HypraTIon (4/21/52) 
19 6.3 32.1 25.8 55.3 
26 40.4 6.5 32.8 25.3 
56 42.3 6.1 31.8 25.7 
SHEEP WITH MILD DEHYDRATION (4/21/52) 
194 36.6 5.5 28.5 23.0 56.2 
220 38.2 5.8 29.2 23.4 54.0 
228 41.4 5.3 28. 23.5 59.8 
SHEEP WITH SEVERE DEHYDRATION (4/9/53) 
53. 4.2 22.4 18.2 50.2 
228 52.0 4.5 22.7 18.2 48.4 
Goats, NORMAL (9/30/52) 
24 39.1 6.7 29.9 23.3 70.0 3.6 
25 55.0 5.4 28.9 23.5 68.8 5.2 
26 71.8 5.9 29.3 23.4 71.0 2.3 
27 36.4 5.3 80.1 24.8 68.3 5.9 
787 37.7 8.1 31.0 25.5 67.0 . 
80 40.5 6.0 29.7 23.7 67.5 7.1 
81 44.3 6.6 30.2 23.6 69.2 4.7 
82 44.3 5.6 30.6 25.0 69.5 4.3 
84 ** 46.8 8.9 29.5 21.4 72.2 — 
Mean 5.9 29.8 23.9 69.1 4.7 
CATTLE, NORMAL (11/7/52) 
4 170.4 ae 29.3 65.6 9.6 
39 29.7 63.3 12.8 
49 27.6 60.1 17.3 
61 | ec 28.3 65.7 9.6 
92 160.4 27.9 61.0 16.0 
Mean 28.5 63.1 13.0 


* Normal average for 18 animals with ranges in parentheses; tanimal pregnant; blood plasma 


water on two occasions was 7.8 and 8.3. 


revealed extensive hypostatic congestion of lungs and hemorrhagic effusions. 


** Animal died 24 hours after the determination. 


Necropsy 
The dye (T-1824) was 


observed in lymph nodes, indicating extensive vascular leakage. 
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pyrine solution is carried through the analytical 
procedure in triplicate. Antipyrine was quantitated 
in duplicate samples by the following equation: 


Psample 50.0 


= ug. antipyrine/ml. 


Pstandard 1.5 


To the aqueous phase containing the “snc, 5.0 
ml. of 10 per cent trichloroacetic acid was added 
to the centrifuge bottle, shaking it to precipitate 
the proteins. The sample was filtered and 4.0 ml. 
of the filtrate was transferred to a test tube. Four 
milliliters of distilled water and 2.0 ml. of ferric 
nitrate reagent* were added. The density was de- 
termined at }\= 490 mu with a spectrophotometer 
(Coleman model 14). A blank consisting of 2.5 ml. 
of trichloroacetic acid, 5.5 ml. of water, and 2.0 ml. 
of ferric nitrate reagent was used for the zero 
setting. A single sodium thiocyanate standard con- 
taining 0.10 mg. in 10.0 ml. was used, and the un- 
known samples were quantitated as follows: 

Psample 
———— 0.10 = mg. ~SCN/ml. 
Pstandard 

The distribution volume of antipyrine and ~scNn 
was determined by the following relationship: 

mg. injected 


Distribution volume = 
mg./100 ml. serum X 10 


0.935 


The factor, 0.935, accounts for a serum protein con- 
tent of 6.5 Gm./100 ml.+ Therefore, the distribu- 
tion volume is in terms of liters of water as required. 

The serum concentration of antipyrine at zero 
time (to) was determined by plotting the serum 
levels of the serial samples on semilogarithmic 
paper and extrapolating the exponential disappear- 
ance time-concentration curve (straight line) back 
to to. This is valid on the assumption that the 
serum concentration at to represents the concentra- 
tion at the time of injection if instantaneous mix- 
ing had occurred and none of the antipyrine had 
been metabolized. 


RESULTS 


The analytical scheme described is an 
adaptation of the methods of Brodie et al.,? 
for antipyrine, and Crandall and Ander- 
son,’ for “scn, to facilitate the simultaneous 
determination of TBw and Ecw. The pres- 
ence of antipyrine in plasma interferes with 
the analysis of “scn and results in errone- 
ously high quantitative values. Recovery 
of antipyrine from serum was good at 96 
to 98 per cent, but “scn recovery included 
an artifact in highly concentrated serums. 
In normal serum “scn concentrations (10 

* Ferric nitrate reagent is prepared by dissolving 25 
Gm. of ferric nitrate [Fe(NOs)s3- 9 HOH] in 500.0 ml. 
of water and adding 12.5 ml. of concentrated nitric acid. 


+ Based on chemical analyses for total serum protein 
in 24 sheep and 9 goats.™* . 


mg./100 ml.), recovery was 99 to 101 per 
eent. High serum ‘scn levels should be 
avoided, both for accurate analysis and to 
prevent possible toxic reactions.” 

Thiocyanate reached equilibrium with 
the extracellular fluids in the sheep and 
goats 60 to 90 minutes postinjection. In 
these ruminants, “SCN was metabolized 
slowly 1! or excreted '® at 4 to 5 per cent 
of the serum level per hour, while cattle 
showed a consistent serum level of “scn for 
six hours postinjection. Antipyrine was me- 
tabolized by cattle at the rate of 26 per 
cent of the injected dose per hour, but at 
a higher rate by the sheep and goat (28-30 
%). In the goats, high initial serum levels 
of antipyrine (40-60 yg./ml.) were found 
advantageous. No signs of toxicosis from 
antipyrine or “SCN were observed. 

Early in our studies of the fluid compart- 
ments in ruminants, the sheep was used in 
developing procedures and data on 18 nor- 
mal sheep were collected (table 1). In the 
normally hydrated sheep, the ECw (-scN 
space) was consistent at 30.0 per cent of the 
adjusted sheared body weight, and showed 
an extremely narrow range of 29.5 to 30.2 
per cent. The TBw (antipyrine space) also 
was relatively limited in range (53.0-59.0% 
body weight), indicating that the experi- 
mental animals were uniform in gross com- 
position or exhibited body fat contents of 
19.0 to 27.0 per cent of body weight. 

Body water analyses in 1 aged and debil- 
itated ram revealed an Ecw volume of 35.0 


TABLE 2—Body Composition of a Wether as 
Determined from the Analysis of the Various Body 
Fluid Compartments 


Percentage 


of body 
Body constituents Kilograms weight 
OBSERVED DATA * 
Body weight (wool-free) 47.50 100.0 
Body water compartments 
Total body water 
(antipyrine space) 26.68 56.2 
Extracellular water 
(- SCN space) 14.25 30.0 
Plasma water (T-1824 space) 2.75 5.8 
DERIVED DATA 
Interstitial water (ECW—PW) 11.50 24.2 
Intracellular water (TBW—ECW) 12.43 26.2 
Body fat (100 — % TBW/0.726) 10.73 22.6 
Lean body mass (body wt.— fat) 
Dry matter (body wt.— TBW) 20.82 43.8 
Organic nonfat (dry matter — fat) 10.09 21.2 


* The quantitative values for 
components of the total body water were determined 
in vivo by dilution analysis. The lean body mass repre 
sents the physiologically active “‘tissue mass.’’ It is this 
active tissue mass which determines basal heat production. 
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per cent, and a TBw content of 70.3 per cent 
of body weight, showing wide divergence 
from the normal. These atypical values 
could not be rechecked or further studied 
due to the condition of the animal.** 

The normal fluid volumes of the several 
compartments in sheep, goats, and cattle 
were determined, in addition to abnormal 
volumes in sheep produced by experimental 
expansion and contraction of extracellular 
fluid volume (table 1). Separation of the 
7BsW in a normal and typical sheep into its 
several component fluid compartments, and 
the use of this analysis in determining gross 
body composition, is indicated (table 2). 
The normal relationship between the vari- 
ous water compartments and their quanti- 
tative aspects are illustrated schematically 
(fig. 1). This serves to facilitate a brief dis- 
eussion of the concept of an ‘‘anatomic’’ 
versus a ‘‘physiological’’ volume of the 
extracellular fluid. 


The chemistry of the blood has been re- 
garded largely in terms of solute concentra- 
tion and considered a valid reflection of 
the volume status of the extracellular fluids. 
Recent studies of pw volume,!*** Ecw vol- 
ume,!® and tsw~ in ruminants make it 
feasible and important to consider body 
chemistry in terms of actual quantities. 
Physiological mechanisms operate to main- 
tain normal solute concentrations between 
the several body fluid compartments, and 
their volumetric dimensions are either con- 
tracted or expanded to maintain this bal- 
ance. The dietary habits of ruminants, how- 
ever, impose certain limitations on these 
physiological mechanisms in the mainte- 
nance of normal fluid and electrolyte (Na‘*) 
balance, and aberrations in fluid balance 
are demonstrated readily by appropriate 
experimental procedures.!* 

Anatomic Versus Physiological Volume 
of Body Fluids.—The chemical anatomy of 
the body fluids, as it is currently under- 
stood,’ separates the total body water 
(Taw) into an extracellular water (ECW) 
and an intracellular water (1cw) compart- 
ment. The extracellular water is divided 
further into the intravascular or blood 
plasma water (pw) and the interstitial 

** This Hampshire ram, 11 or 12 years old, was ex- 
tremely lean, as judged from somatotype, and severely 


debilitated. There was evidence of mild peripheral edema 
and swelling of the joints. 
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water (Isw), which fills the spaces sur- 
rounding all the various cells and connec- 
tive tissues of the body. The names applied 
to these fluid compartments are anatomic 
and are descriptive of their anatomic sites. 

On the basis of the ‘‘dilution principle,”’ 
whereby some substance is introduced into 
the pw and its dilution volume ascertained, 
the fluid compartments of the body can be 
studied. The meaning of the dilution vol- 
ume of various substances, as determined 
in vivo by dilution analysis (inulin, man- 
itol, sucrose, Na**, Cl, Br, ~scon), has 
been extended in usage to become synony- 
mous with some specific anatomic space 
(ecw), whereas the dilution volume signi- 
fies only a virtual volume of equilibration. 
This is indicated by an inulin space of 15 to 
16 per cent of the body weight in man and 
a “scn space of 24 to 26 per cent.’*! In 
the dog, the inulin space equals 19 to 22 per 
compliments it.*7 However, the “scn space 
amounts to 29 to 34 per cent in this species, 
and in both man and the dog the “scn space 


R 


Intracellular water=total body water—extracellular water; 
interstitial water — extracellular water—blood plasma water ; 
fat = 100—percentage total body water/0.726; dry matter 
= body weight—total body water. 


Fig. 1—Schematic illustration of the fluid com- 
partments of the body and their quantitative rela- 
tion as determined in a sheep. The transcellular 
component of the extracellular water represents 
water residing in the comparatively ‘‘dead’’ spaces 
of the body- and the gastrointestinal secretions, 
and is indicated as an important component of the 
physiological volume of the extracellular compart- 
ment. 
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appears to be consistently 10 per cent 
greater than the inulin space. It is evident, 
therefore, that inulin and “scn can not 
occupy the same anatomic space because 
of the wide divergence in their apparent 
volumes of dilution. 

On entering the blood stream, the dif- 
fusion of a particular substance through 
single or all fluid phases of the body might 
in theory be limited by anatomic barriers, 
chemical barriers, or both. Inulin has a 
molecular weight of about 5,100, giving this 
large molecule a low diffusion coefficient,*® 
but it is still small enough to allow free 
exchange between pw and Isw phases. Be- 
cause inulin is an elongated molecule and 
because elongation increases the effective 
radius under conditions of random orienta- 
tion, it has an effective diffusion coefficient 
equivalent to a molecular weight of about 
15,000. Under these conditions, the dis- 
tribution of inulin will be principally diffu- 
sion limited,* and this feature also may free 
inulin from the possibility of readily enter- 
ing cells. Consequently, inulin may in- 
dicate the anatomic volume of the Ecw, 
as dictated by membranous limitations to 
its free diffusion. This anatomic barrier, 
being the semipermeable membrane sur- 
rounding the cell, is not effective in the 
case of “SCN, as indicated by its greater dilu- 
tion volume. 

While the penetration of the membranous 
component separating the extracellular and 
intracellular compartments by certain elec- 
trolytes may be a function of the ionic 
radius of the hydrated ion,” the molecular 
size of certain inorganic radicals and or- 
ganic nonelectrolytes apparently is not a 
factor.* The solubility of a substance in the 
lipoid component of membranous tissue 
also will modify its dilution volume.** The 
latter represents a distinct chemical barrier 
to the free diffusion of “scn and, since the 
firm histological basis for the division of 
the Ecw and 1cw compartments presents an 
anatomic barrier, it is likely that the dilu- 
tion volume of “scn is conditioned by chemi- 
eal barriers to its free diffusion. The volume 
in which a chemical substance, organic (inu- 
lin) or inorganic (“scN), becomes diluted 
in the body fluids can not be ascertained 
from its empirical formula or physico- 
chemical activity in vitro. The in vivo 
measure of the ECw compartment must be 
contingent, therefore, on a certain degree 
of empiricism which does not limit its use- 


fulness but does indicate that the anatomie 
volume (inulin space) and the physiological 
volume (“scN space) do not coincide, and 
that their identity is not comparable. 

Aside from water in the vascular and in- 
terstitial compartments, which comprise 
the extracellular compartment by anatomie 
definition, there is water in the gut, saliva, 
cerebrospinal fluid, and synovial sacs. In 
most discussions of body water, these impor- 
tant fluid phases are collectively neglected. 
Thiocyanate is known to distribute itself 
throughout the Ecw compartment, which 
we refer to as the anatomic volume (inu- 
lin space), but, in addition to this space, 
it enters spinal fluid and gastrointestinal 
secretions.© The volume of distribution of 
“scn is understandably greater than that 
of inulin and it measures a more dynam- 
ically functional space, the physiological 
volume. The physiological volume includes, 
then, the anatomic volume and the trans- 
cellular water, or those fluids residing in 
the comparatively dead spaces and the 
gastrointestinal secretions. The sum of all 
extracellular fluids (physiological volume) 
is now recognized to comprise 20 to 30 
per cent of the body weight in man,’ the 
dog,’ and sheep.'® The “scn space, as in- 
dicative of the physiological volume and 
perhaps synonymous with it, is a more 
realistic measure of the complete Ecw com- 
partment. It is important to recognize this 
characteristic in the ~scn dilution analysis 
method for, lacking a complete analysis of 
all ecw, the 1cw compartment can not be 
estimated adequately. 

The Ecw compartment in ruminants (ta- 
ble 1), as determined by ~scn dilution anal- 
ysis, represents all or a great part of the 
transcellular water. This transcellular com- 
ponent is, therefore, placed in its rightful 
place in the interstitial position (fig. 1) 
and it constitutes about 10 per cent of the 
“scN space, or physiological volume. By 
virtue of the large gastrointestinal capac- 
ity, characteristic of the ruminant species, 
and the voluminous salivary flow,?" the 
transcellular fraction of the extracellular 
fluids accordingly may be expected to be 
greater than that in simple-stomached spe- 
cies. Simultaneously determined inulin and 
“SCN spaces, with their differential volumes 
of dilution, may afford a valid and useful 
measure of the transcellular fiuid volume. 

Body Fluids and Body Composition. — 
The body fluids, as they are now known to 
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be related to body composition, can be 
most useful in studies of energy metabo- 
lism (bioenergetics) and in determining 
production values in nutrition studies in 
terms of actual quantities of product pro- 
duced. 

A constant relationship between meta- 
bolic rate and some body component has 
long been sought, but without complete suc- 
eess. The finding of a linear relation be- 
tween logarithm of body weight and loga- 
rithm of oxygen consumption led Kleiber 7” 
to propose the use of the three fourths 
power of weight as a metabolic reference 
standard, which has been adopted by the 
Committee on Animal Nutrition of the Na- 
tional Research Council.’® Kleiber as- 
sumed that body composition does not vary 
greatly in different animals. 

The selection of an accurate metabolic 
reference standard is particularly impor- 
tant if the influence of differential gross 
body composition on basal metabolism, and 
thus nutritional requirement, is to be as- 
sessed adequately. As established previ- 
ously, the mammalian body contains a 
variable quantity of water and fat (one 
being inversely proportional to the other), 
but contains a fat-free lean body mass of 
constant gross chemical composition. The 
addition of fat, which is somewhat inert 
physiologically and thus contributes little 
to basal metabolic requirements but much 
to body weight (as much as 40%) and sur- 
face area (as much as 13%, should contrib- 
ute much less to the metabolic picture than 
the addition of an equal weight of lean body 
mass or ‘‘active tissue mass.’’ Therefore, 
mathematical abstractions in the form of 
exponential functions of body weight offer 
no valid reason for assuming that bioener- 
getic processes must be geared to surface 
area. The differential addition of fat to a 
constant lean body mass of paired animals 
will, in effect, produce differences in sur- 
face area but not a proportional difference 
in basal metabolic rate. Thus, the normally 
high fat content of the female body, with 
subsequently less lean body mass, explains 
the lower metabolic rate of the female, when 
compared with the male on the basis of sur- 
face area.2! Lean body mass has been in- 
dicated to be the best metabolic reference 
standard, and body weight and surface area 
may be useful only as they are correlated 
with lean body mass.”® 


The mean water content of the lean body 
mass in the ruminant has been established 
to be 72.6 per cent.** With smaller animals, 
Pace and Rathbun ** determined it to be 
73.2 per cent, a difference of small conse- 
quence. Using the factor, 0.726, the per- 
centage of body fat may be determined 
from the TBw determination by the formula- 
tion of Pace and Rathbun ** as follows: 

percentage of TBW 
0.726 ) 


Percentage of fat = 100 — ( 


The body composition of a wether sheep, 
calculated from the simultaneously deter- 
mined Ecw and TBw volumes (table 2), con- 
sists of approximately 56 per cent water, 
23 per cent fat, and 44 per cent dry matter. 
The lean body mass equals 77 per cent of 
the gross weight. 

A timely and important contribution by 
Ellenberger et al.,® revealing the body com- 
position of 132 ruminants as determined 
by direct chemical analysis, shows good 
agreement with the case shown (table 2). 
We have calculated the percentage of body 
fat from the TBw analyses of Ellenberger 
et al., and the general agreement is interest- 
ing (table 3). The significance of table 3 
lies in the fact that the concept of a lean 
body mass of constant gross chemical com- 
position is supported further, and also that 


TABLE 3—Percentage Body Fat of Cattle as 
Calculated from the Chemical Analvses of Water 
of Ellenberger et al.’ * 


Calculated 
from 
percentage 
Chemical analyses of Ellenberger et al.® of water 
Water Fat Fat 
No. (% body (% body (% body 
Age animals wt.) wt.) wt.) 
Newborn 7 74.2 2.8 
3 mo. 17 71.7 4.8 1.2 
6 mo. 16 69.1 7.2 4.9 
9 mo. 10 66.2 10.1 8.8 
12 mo. 9 63.8 12.7 12.2 
2%-3% yr. 9 58.4 17.9 19.5 
3%-4% yr. 25 59.7 16.4 17.8 
4%-5%% yr. 9 58.2 19.0 19.8 
6-12 yr. 6 63.0 13.9 13.2 
Mean, 9 mo.— 
12 yr. 68 64.9 15.0 15.5 


* The percentage of body fat and water of the bodies 
of 108 cattle determined chemically by Ellenberger, 
et al.® and body fat as calculated from their data on 
percentagé of total body water. Close agreement between 
body fat determined directly and as calculated from 
total body water is evident in the 68 animals of 9 
months to 12 years of age, thus lending further support 
of the concept of @ lean body mass constant in gross 
chemical composition. The data (calculated fat) also 
indicate that ‘‘chemical maturity’’ may not be attained 
in the bovine species until about 9 months of age. 
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this concept may not be valid in cattle 
younger than 9 months of age. 

Physiological or ‘‘chemical’’ maturity has 
been recognized to vary among mammals, 
with man requiring the longest period for 
its attainment. Moulton *® has indicated 
that chemical maturity in cattle is acquired 
at about 5 months of age. If chemical ma- 
turity can be defined as that age when the 
gross chemical composition of the lean body 
mass becomes constant or the water content 
of the lean body mass stabilizes at 73 per 
cent, then the data of Ellenberger et al.° 
(table 3) indicate that chemical maturity 
occurs in cattle at about 9 months of age. 
It is important to recognize chemical ma- 
turity as a limiting factor in the use of Taw 
analysis in the indirect determination of 
body composition. 

Changes in volume of the fluid com- 
partments under conditions of hydration 
and dehydration in the sheep (table 1) 
emphasize the importance of the simul- 
taneous determination of ECW and TBw. 
Severe dehydration, as produced by low 
dietary sodium intake,!® in 2 sheep (194 
and 228) reduced the pw 26 per cent and 
the 1sw and Ecw 25 per cent of their nor- 
mal values. A TBw content of 50 and 48 per 
cent for these animals, indicating 31 and 33 
per cent body fat, respectively, is grossly 
in error as judged from somatotype. The 
dehydration is generalized and not confined 
to the Ecw compartment. The decrease in 
Pw and Isw is equal; thus, the plasma vol- 
ume is not maintained in response to un- 
avoidable loss of electrolyte (Na*) in the 
endeavor to maintain its normal solute 
concentration.1® 19 

For general application in studies of 
composition, and especially in studies of 
fluid balance, the rsw determination should 
be accompanied by the simultaneously de- 
termined Ecw volume to avoid gross errors 
arising from differences in hydration. The 
general usefulness, simplicity, and accuracy 
in quantitative measures of the fluid com- 
ponents of the body warrant further study 
and application. 


SUMMARY 


A procedure for the simultaneous deter- 
mination of the extracellular and total body 
water using sodium thiocyanate and anti- 
pyrine was described. 

Normal extracellular water volume (thi- 
ocyanate space) in sheep and goats is con- 


sistent at 30.0 per cent of body weight; 
cattle 8 to 9 months old show 28.0 per 
cent. Normal plasma water volume in 18 
wethers and 9 goats, as determined by dye 
(T-1824) dilution analysis, averaged 5.8 
per cent of body weight. Blood plasma 
thiocyanate concentrations in sheep and 
goats decreased exponentially at the rate 
of 4.0 to 5.0 per cent of the injected dose 
per hour, and equilibrium with the extra- 
cellular water was reached 60 to 90 minutes 
postinjection. Cattle showed a consistent 
plasma concentration of thiocyanate for six 
hours postinjection. Antipyrine was me- 
tabolized by the sheep and goat at the rate 
of 28.0 to 30.0 per cent per hour of the in- 
jected dose, while in cattle its metabolism 
was slower by about 5.0 per cent. 

The body composition of a wether is 
given as determined from the analysis in 
vivo of the several fluid compartments. 

Severe dehydration in the sheep pro- 
duced by low dietary sodium intake re- 
sulted in a 26 per cent reduction in plasma 
water volume, and a 25 per cent reduc- 
tion in interstitial and extracellular water 
volume. 

The concept of an anatomic versus a 
physiological volume of the extracellular 
water compartment is introduced, the lat- 
ter being synonymous with the thiocyanate 
space. 
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Comparison of Bacteriological and Serological Techniques 
for Detection of Leptospirosis in Wild Mammals 


STURGIS McKEEVER, Ph.D.; JOSEPH H. SCHUBERT, Ph.D.; 
GEORGE W. GORMAN, B.S.; ROGER D. GRIMES, B.S. 


Atlanta and Newton, Georgia 


SEROLOGICAL TESTS have been used exten- 
sively as a method for determining whether 
an animal is, or has been, infected with 
leptospiras, and such tests are considered 
to be the most useful laboratory tool for 
confirmation of the diagnosis of leptospi- 
rosis.* The complement-fixation and agglu- 
tination-lysis tests are the two most com- 
monly used. Yager and Gochenour * found 
the two tests equally reliable and specific 
when compared to a series of bacteriologi- 
cally proved cases. For single serum exam- 
inations, they considered an agglutination- 
lysis titer of 1:400 or greater, or a 4+ 
complement-fixation reaction with undi- 
luted serum, to be of diagnostic significance. 
The complement-fixation test is less tedious 
to perform than the agglutination-lysis 
test,!* and complement-fixing antigens re- 
act to a broader spectrum of serotypes than 
those employed in the agglutination-lysis 
test. 

Gochenour * states that, on the average, 
agglutinating antibodies are detectable on 
the twelfth day and reach their highest 
level the second and third week after in- 
fection ; they may be demonstrated as early 
as the seventh day and persist for as long 
as 500 days. Complement-fixing antibodies 
may be detected as early as the second day 
after infection but, on the average, tests 
become positive on the tenth day ; they per- 
sist for varying lengths of time, but in 
human beings and cattle they generally can 
not be detected after the third month. 

Leptospiras may be detected bacteriologi- 
cally by culturing blood, cerebrospinal 
fluid, anterior chamber fluid, urine, and 
tissue emulsions.* In cattle, leptospiras are 
present in the blood as early as one day 
after parenteral inoculation and may be 
recovered from the blood during the pre- 
febrile and febrile period. They become 
established in the kidney during the febrile 

From the Communicable Disease Center, Bureau of State 
Services, Public Health Service, U.S. Department of 


Health, Education, and Welfare, Atlanta, Ga.; and Emory 
University Field Station, Newton, Ga. 


period and may then be shed in the urine 
for six to eight weeks.® 

At Newton, Ga., the U.S. Public Health 
Service has conducted investigations on 
the role of wildlife in the propagation of 
leptospiras and has used both complement- 
fixation and bacteriological tests for detect- 
ing infection. This paper presents a com- 
parison of the results obtained by the two 
methods from Oct. 4, 1955, to April 19, 
1957. 


MATERIALS AND METHODS 


Wild mammals were trapped and brought to 
the laboratory alive. Blood samples were obtained 
by cardiae puncture, and the animals were killed by 
injecting air into the blood stream. The kidneys of 
each animal were removed aseptically and ground 
in sufficient saline solution, adjusted to a pH of 7.2 
to 7.4 with sodium phosphate (NasHPO,. - 7H.0), 
to make a 10 to 15 per cent tissue suspension. Two 
drops of the suspension was used to inoculate each 
of four screw-capped culture tubes containing 5 ml. 
of medium. The following mediums were used: 
Chang’s* semisolid medium with 10 per cent rab- 
bit plasma, Chang’s semisolid medium with 15 per 
cent horse plasma, Fletcher’s* semisolid medium 
with 10 per cent rabbit plasma, and Fletcher’s 
semisolid medium with 15 per cent horse plasma. 
The Hamilton, Mont.” modification of Chang’s 
medium was used. After inoculation, the tubes of 
mediums were incubated for 30 days at 28C. and 
then examined for leptospiras by dark-field pro- 
cedure. 

Strains of leptospiras obtained from these cul- 
tures were typed by the Leptospira Research Lab- 
oratory of the Communicable Disease Center, Lab- 
oratory Branch. 

Cells were removed from the blood by centrifu- 
gation, and the serums were frozen and shipped 
weekly to the Diagnostic Serology Unit of the 
Communicable Disease Center, Laboratory Branch, 
to be tested for the presence of complement-fixing 
antibodies. 

The serums were inactivated at 56C. for 30 
minutes and tested in serial dilutions, beginning 
with a dilution of 1:4, with antigens of Lepto- 
spira ballum, Leptospira pomona, Leptospira ictero- 
haemorrhagiae, and Leptospira canicola. Cultures 
for antigens were grown on a modified Schuffner’s 
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medium “ and were prepared as reported by Schu- 
bert and Martin.” 

The complement-fixation procedure used was an 
adaptation of the 50 per cent end point technique, 
using barbital buffered physiological saline solu- 
tion throughout. Antigens and serial dilutions of 
inactivated serums were tested in 0.25 ml. amounts 
with 0.25 ml. of complement containing three and 
one half 50 per cent units. Fixation was allowed 
to proceed for 15 to 18 hours at 4 to 6 C. Sensitized 
cells (a 2% suspension of sheep erythrocytes, sen- 
sitized for ten minutes in the proportion of 1:1 
with three 50% units of hemolysin in 0.125 ml.) 
were added in 0.25 ml. amounts, and the tests were 
read after a second incubation period of 30 min- 
utes in a 37-C. water bath. The titers were re- 
corded as the highest dilution of serum which gave 
a 3+ or 4+ reaction (30% hemolysis or less). 


RESULTS 


During the period of study, 2,501 ani- 
mals, representing 14 species, were trapped. 
Of these, 1,811 were tested for the presence 
of leptospiras by culturing kidney tissue, 
and 181 (10%) were positive ; complement- 
fixation tests were performed on 2,200, and 
399 (18%) were positive. 

Both culture and complement-fixation 
tests were performed on 1,704 animals (ta- 
ble 1). Of these, 162 (9.5%) were positive 
by culture and 307 (18.0%) were positive 


by complement-fixation tests. For the seven 
species which had 1 or more individuals 
that were positive by both tests, the inci- 
dence of infection was 0.5 to 28.6 per cent 
by culture and 6.9 to 42.1 per cent by com- 
plement-fixation tests. Only 60 (37%) of 
the animals from which isolates were ob- 
tained were positive by the complement- 
fixation test; agreement with culture isola- 
tions ranged from 11 to 100 per cent for the 
seven species represented. Titers and sero- 
types of isolates obtained from animals 
that were positive by both tests are pre- 
sented (table 2). Titers ranged from 1:4 to 
1:1,024; for every identified isolate where 
the host had a positive complement-fixation 
test, the highest or an equal titer was ob- 
tained with antigens of the same serotype 
as the isolate. 

The number of animals that were posi- 
tive by the complement-fixation test 
equalled or exceeded the number that were 
positive by culture for all species except 
the opossum, in which more than twice as 
many were positive by culture. Comple- 
ment-fixation tests were performed on 630 
opossums but, with one exception, reactions 
were obtained only with antigens of L. 
ballum. Reactions of the serums to the 
four antigens against which they were 


TABLE 1—Comparison of Results of Bacteriological and Complement-Fixation (CF) Tests 
for Leptospirosis in Mammals from Southwestern Georgia 


No. of 
No. of No. of No. of positive Positive by 
duplicate positive positive cultureand Positive by Positive by culture and 
Species tests cultures CF tests oF tests culture (%) orFrtest (%) oF test (%) 
Opossum 
Didelphis marsupialis 464 78 32 23 16.8 6.9 29.5 
Cottontail rabbit 
Sylvilagus floridanus 187 1 58 1 0.5 31.0 100.0 
Marsh rabbit 
Gray squirrel 
Fox squirrel 
Red fox 
Vulpes fulva 16 4 
Gray fox 
: Urocyon cinereoargenteus 107 5 45 2 4.7 42.1 40.0 
Jog 
Canis familiaris 1 1 
Raccoon 
Procyon lotor 506 36 46 4 7.1 9.1 11.1 
Striped skunk 
Mephitis mephitis 276 36 100 26 13.0 36.2 72.2 
Spotted skunk 
Spilogale putorius 7 2 2 1 28.6 28.6 50.0 
Otter 
Lutra canadensis 2 1 50.0 
Wildcat 
Felis rufa 62 4 15 3 6.5 24.2 75.0 
House cat 
Felis domestica 382 2 
Total 1,704 162 307 60 9.5 18.0 36.4 
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TABLE 2—Range of Complement-Fixation End Point Titers for Serums from Mammals 
Bacteriologically Confirmed as Infected with Leptospiras 


Antigen 
No. of Serotype of L. L. L. ictero- L. 
Species lat isolat ballum pomona haemorrhagiae canicola 
Striped skunk 1 L. balum 
18 Unidentified 1: 4-1: 64(14) 1: 4—1:1,024(13) 1: 4-1: 64(10) 1: 4-1: 256(7) 
Wildcat 2 1: 64 1:8(2) 1:8(1) 
Cottontail rabbit 1 Unidentified 1:8 1:8 1:4 1:4 
Gray fox 2 Unidentified 1:16-1:32 1:4-1:32 1:4-1:16 1:4-1:16 
Raccoon 4 Unidentified 1:4—-1:16(2) 1:4-1:8(2) 1:8(1) 1:32(1) 


* Number shown in parentheses indicates the number of animals which reacted to this species of 
Leptospira. 


tested are presented by species (table 3). of the pair shows an increase in titer for 
The serums of many animals had titers to the antigen of one serotype, are required 
antigens of more than one serotype and to determine the strain of the organism 
are tabulated. involved. Although the validity of these 
Of the 181 isolates, 44 have been identi- tests for the detection of leptospiral anti- 
fied. Distribution by hosts and results of bodies in man and domestic animals has 
complement-fixation tests on the 39 of these been confirmed, their accuracy for detect- 
animals that were so tested are presented ing infections of leptospiras in wild mam- 
(table 4). mals is open to question. Results of com- 
plement-fixation tests of serums from wild 
Discussion mammals are discussed in this paper. The 
The complement-fixation and agglutina- merits of the agglutination-lysis test under 
tion-lysis tests have been used both in diag- similar conditions are unknown. 
nosing leptospirosis in man and animals When the bacteriological test is used, 
and in surveys designed to determine the false positives are eliminated and organisms 
presence or absence of leptospirosis in large are recovered which can be identified ac- 
numbers of domestic animals. Both tests curately as to serotype, or characterized if 
are relatively inexpensive and can be per- not previously described. Leptospiras may 
formed in a short time. Theoretically, in be detected in the prefebrile period, when 
either test a combination of antigens can they would be missed by serological tests, 
be used which will detect the presence of but may not be detected in the late post- 
antibodies of any serotype of Leptospira. febrile period. All stages of the bacterio- 
Paired serums, in which the second serum logical test must be conducted with exact- 


TABLE 3—Range of End Point Titers for Serums of Mammals from Southwestern Georgia in 
Complement-Fixation Tests with Antigens of Four Serotypes of Leptospiras 


Antigen 
L. ballum L. pomona L. icterohaemorrhagiae L. canicola 
No. No. No. No. No. 

Species tested positive Titer positive Titer positive Titer positive Titer 
Opossum 630 34 1:4-1:256 1 1:8 
Cottontail rabbit 203 35 1:4-1:128 42 1:4-1:256 49 1:4-1:1,024 42 1: 4-1:1,024 
Marsh rabbit 4 1 i: 2 1:16-1:64 2 1: 1 1:16 
Fox squirrel 47 1 1:64 
Red fox 24 4 1: 5 1: 8-1: 2,048 6 1 5 1:4-1:512 
Gray fox 145 39 1: 49 1:4-1:256 28 1 32 1:4-1:64 
Dog 1 boas alvmonale 1 1:32 1 1 1 1:16 
Raccoon 640 1:4-1:64 1:4-1:256 23 1 17 1:4-1: 32 
Striped skunk 362 87 1:4-1:2,048 85 1:4-1:1,024 60 1 40 1: 4-1: 256 
Spotted skunk 10 2 1:4-1:8 1:4 
Wildcat 94 14 1:8-1:64 18 1:4-1:512 7 1:4-1:32 . 1:4-1:64 
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ness, or the leptospiras will die and the 
result will be a false negative test. Since 
the bacteriological test is more tedious, re- 
quires more equipment, personnel, and 
time than the serological test, it is more a 
tool of the research worker than of the 
diagnostician or those conducting surveys. 

Disagreement between bacteriological 
and serological tests for leptospirosis may 
be attributed to one or more of the follow- 
ing five factors: (1) testing the animal 
after infection but prior to antibody for- 
mation; (2) testing after the disease has 
terminated but with antibodies persisting ; 
(3) insufficient reaction between antigens 
being used and antibodies of other sero- 
types of leptospiras; (4) antigen-antibody 
reaction not being the same for all species 
of hosts; and (5) missing the organism 
by bacteriological tests, even though it is 
present. 

After an antigen is introduced into the 
body, there is a period during which no 
antibodies can be detected, followed by a 
rapid rise in antibody level until a peak 
is reached. The peak is followed by a rapid 
decrease and then a gradual decline in anti- 
body level over a relatively long period." 
It follows that leptospiral infections which 
are detectable by culture should also be 
detectable serologically, except for the 
period prior to antibody formation. 

The time of initial detection and the per- 
sistence of complement-fixing antibodies 
may vary for different serotypes of lepto- 
spiras as well as for different hosts infected 
with a given serotype of Leptospira. Lim- 
ited results from animals experimentally 


infected with L. pomona indicate that gray 
and red foxes have antibodies at the end of 
one week which persist for at least eight 
weeks ; raccoons have antibodies at the end 
of two weeks which are detectable for at 
least seven weeks; and opossums, wildeats, 
and striped skunks have antibodies at the 
end of two weeks (perhaps a week earlier) 
which persist for at last three, five, and 
seven weeks, respectively. The period re- 
quired for complete loss of detectable anti- 
bodies has not been determined for any of 
these species. 

Isolates of leptospiras were obtained 
from the cottontail rabbit and spotted 
skunk, which have not been reported pre- 
viously as hosts, but no experimental stud- 
ies were made with these species. Identifi- 
cation of isolates obtained from these hosts 
has not been completed. 

From the foregoing results, and from 
data reported by Gochenour‘ for other 
species, one would expect more than 60 per 
cent agreement between bacteriological and 
serological tests. However, of the 24 infee- 
tions determined to be either L. ballum or 
L. pomona, only 11 (46%) were detected 
by the complement-fixation test (table 4). 
These 11 showed serotype agreement by the 
two tests. It is also pertinent that of the 
15 isolates of serogroups not used in the 
complement-fixation tests, none were de- 
tected by such tests. 

The present study has already demon- 
strated that opossums are infected with or- 
ganisms of the Leptospira hyos serogroup, 
and raccoons with Leptospira australis A 
and organisms of the Leptospira grippoty- 


TABLE 4—Results of Complement-Fixation Tests of Serums from Mammals Infected with 
Known Types of Leptospiras 


No. of Positive 
Species Serogroup isolates L. ballum L. pomona Negative* 
Opossum L. ballum 4 1 oo 3 
L. hyost 8(1) 8 
Gray fox L. ballum 2 2 
Raccoon L. ballum + 1 
L. pomona (1) ve és 
L. australis At 2 2 
L. grippotyphosat 2 2 
L. autumnalist 5(2) Me 5 
L. hebdomadist 2 “ 2 
L. hyost 1 1 
Striped skunk L. ballum 5 1 ” 4 
L. pomona 9(1) a 7 2 
Wildcat L. ballum 1 pa 1 
L. pomona 2 2 0 
Totals 39(5)** 2 9 28 


* Leptospira icterohaemorrhagiae and L. canicola antigens were used also but all were negative. t Homol- 
ogous antigens not used in the complement-fixation test. ** Complement-fixation tests were not made on 


hosts of five identified isolates shown in parentheses. 
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phosa, Leptospira autumnalis, Leptospira 
hebdomadis, and L. hyos serogroups. Or- 
ganisms which were isolated from soldiers 
with Fort Bragg fever, in 1944, were later 
identified by Gochenour et al.5 as L. autwm- 
nalis, but the other three organisms have 
not been isolated previously in the United 
States.*:*7 Serums from animals infected 
with these organisms gave no reaction with 
the antigens used. A marked reduction in 
percentage of agreement between the two 
tests would, therefore, be expected for the 
opossum and raccoon, and this is confirmed 
by the results (table 1). 

Schubert et al.12 demonstrated that super- 
natant antigens failed to give a positive 
reaction with serums from naturally in- 
fected human beings and cattle, whereas 
whole Leptospira antigens gave good com- 
plement-fixation titers with serums from 
man, cattle, and dogs. Supernatant anti- 
gens were used exclusively in the present 
study and may not have reacted with se- 
rums from some species unless the antibody 
level was near the peak. 

Since antibodies persist for some time 
after the organism is destroyed, the number 
of animals that are positive by the comple- 
ment-fixation test should exceed the number 
that are positive by culture. This was 
found to be true for all species except the 
opossum. However, if leptospiras are not 
isolated from an animal when they are 
present and serum from the animal is posi- 
tive, the percentage of agreement between 
the two tests would be further reduced. It 
is necessary, therefore, that the best bac- 
teriological test available be used. 

Blood frequently is cultured to confirm 
a diagnosis of leptospirosis in man or do- 
mestic animals, as well as in studies with 
experimentally infected animals. Goche- 
nour * found heart blood cultures positive 
more frequently than tissue cultures, but 
85 per cent of the blood culture isolates 
were made from specimens obtained in the 
third to eighth day after infection. Since 
leptospiras can be isolated from the blood 
during the prefebrile and febrile period 
only, blood cultures would miss organisms 
present in kidney tissue over the relatively 
long postfebrile period. 

The culture of urine has received some 
attention in the diagnosis of leptospirosis. 
For recovery of leptospiras from man, Ya- 
ger and Gochenour * recommended intra- 
peritoneal inoculation of laboratory ani- 


mals with urine, followed by blood cultures 
on the fourth and sixth days postinocula- 
tion. Gochenour * found inoculation of lab- 
oratory animals far less effective than direct 
cultures for demonstrating the presence of 
leptospiras in human blood. Presumably, 
the same would be true for urine, but di- 
rect culture of urine is feasible only when 
it ean be removed from the bladder asepti- 
eally. Furthermore, the direct culture of 
urine is of questionable value for determin- 
ing the incidence of infection in a popula- 
tion composed of many species and infected 
with several serotypes of leptospiras. The 
writers have tested both tissue and urine 
from 35 wild mammals and found 14 posi- 
tive by culture of tissue only and 1 positive 
by culture of both tissue and urine. 

Although the culture of kidney tissue is 
feasible only when the animal can be killed, 
in view of the foregoing it is considered 
superior to the culture of either blood or 
urine for detecting leptospiras in wild mam- 
mals. Other tissues were not cultured, so 
results are not available for comparison 
with cultures of kidney tissue. 


SUMMARY 


In a study of leptospirosis in wild mam- 
mals in southwestern Georgia, 2,501 ani- 
mals were collected. Of these 1,811 were 
tested for the presence of leptospiras by 
culturing kidney tissue; 181 (10%) were 
positive. Complement-fixation tests using 
antigens of Leptospira ballum, Leptospira 
pomona, Leptospira icterohaemorrhagiae, 
and Leptospira canicola were performed 
on 2,200 animals ; 399 (18%) were positive. 

The tests were duplicated on 1,704 ani- 
mals; 162 (9.5%) were positive by culture 
and 307 (18.0%) were positive by comple- 
ment-fixation tests. Only 60 (837%) of the 
animals from which isolates were obtained 
were positive by complement-fixation tests. 
Agreement of results obtained from the 
two tests ranged from 11 to 100 per cent 
for the seven species found positive by both 
methods. 

The absence of cross reaction between the 
antigens used and antibodies of Leptospira 
australis A and the Leptospira hyos, Lepto- 
spira grippotyphosa, Leptospira autumna- 
lis, and Leptospira hebdomadis serogroups 
probably caused the greatest discrepancy 
between the two tests. Prior to the present 
study, ZL. autumnalis was isolated from 
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human beings, but a natural host was un- 
known in North America; L. australis A 
and organisms of the L. hyos, L. grippoty- 
phosa, and L. hebdomadis serogroups had 
not been isolated previously in the United 
States. 

Of the 44 isolates identified, 26 were 
either L. ballum or L. pomona; blood from 
24 of these infected animals was tested, 
and only 11 (46%) had a positive comple- 
ment-fixation reaction. Better correlation 
between the two tests for animals infected 
with these two serotypes might be expected. 

The cottontail rabbit and spotted skunk 
are recorded as new hosts for leptospiras. 
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Follicular Acariasis of Mice Caused by Psorergates Simplex 
Successfully Treated with Aramite 


ROBERT J. FLYNN, D.V.M. 


Lemont, Illinois 


INFESTATION of laboratory mice with the 
follicle-inhabiting mite Psorergates sim- 
plex * is characterized by the formation of 
skin pouches (fig. 1). The development of 
a pouch apparently is .initiated when one 
or more mites gain entry into a hair follicle, 
presumably by way of the pilosebaceous 
orifice. The result appears as an invagina- 
tion of the skin that is lined with epidermis, 
filled with mites and debris, and possesses 
an opening to the outside (fig. 2,3). A 
typical pouch contains several generations 
of mites in all stages of development 
(fig. 4). 

In an earlier series of experiments di- 
rected toward controlling nonfollicular 
acariasis of mice,! numerous acaricides 
were tested, i.e., rotenone, piperonyl butox- 
ide, pyrethrins, pine oil, DMC [1,1-bis-(p- 
ehlorophenyl) ethanol], BHC (y-benzene 
hexachloride) , and aramite [2-(p-tert-butyl- 
phenoxy) isopropyl-2-chloroethyl sulfite]. 
Aramite was found to be the most effective 
and least toxic in the treatment of non- 
follicular acariasis. Its effectiveness for the 
treatment of follicular acariasis caused by 
P. simplez is described in the present study. 


MATERIALS AND METHODS 


Female CF No. 1 mice, 9 to 13 months old, were 
randomly distributed, 10 per plastic cage, and 
bedded with white pine shavings. The cages and 
bedding were changed twice a week. 

From the Division of Biological and Medical Research, 
Argonne National Laboratory, Lemont, Ill. This work 
was performed under the auspices of the U.S. Atomic 
Energy Commission. 

Presented at the Second Annual Meeting of the Ameri- 
can Board of Laboratory Animal Medicine, Aug. 17, 
1958, Philadelphia, Pa. 
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TABLE 1—Effects of Treatment with Aramite on Psorergates Simplex Infestation 


Total No. mice 
No. treatments No. mice found to be 
(weekly interval) treated infested 
0 60 32 
1 60 31 
2 60 36 
3 60 36 


A 2 per cent aqueous suspension of a wettable 
powder containing 15 per cent aramite was used. 
To insure maximum penetration of the acaricide, 
a wetting agent, sodium alkylarylsulfonate, was 
added to the suspension in the amount of 1 Gm. 
per liter. 


Fig. 1—Inner surface of mouse skin showing macro- 
scopic pouches (arrow). 


The mice to be treated were placed in a per- 
forated container in groups of ten, completely 
submerged in the acaricidal suspension for one 
second, forced to swim for 15 seconds, and sub- 
merged again for one second. They were then 
placed in clean cages. 


Pouches 


Total No. No. pouches containing 
pouches containing live mites 
found live mites (%) 
149 114 76.5 
143 18 12.6 
143 5 3.5 
153 0 0.0 


198 ] 


XUM 


: 


XUM 


Am. J. Vet. Regs. 
JANUARY, 1959 


FoLuicuLaR ACARIASIS TREATED WITH ARAMITE 


199 


Fig. 2—Section of a typical 
Fig. 3—Magnification of circled area of figure 2 (notice mites, arrows). 


In all, four groups of 60 mice each were treated 
as follows: The first group was not treated; the 
second group was treated once; the third group was 
treated twice (one-week interval); and the fourth 
group was treated three times (one-week intervals). 

The mice were killed by cervical fracture seven 
to 14 days after the last treatment. The skin was 
retracted, the inner surface was examined, and 
all observable macroscopic pouches produced by 
P. simplex were counted. The contents of these 
pouches were teased out, suspended in paraffin oil, 
and immediately examined microscopically for the 
presence of live mites. 


RESULTS 


The results are summarized (table 1). 
In the untreated group of mice, 76.5 per 
cent of the skin pouches were found to con- 
tain live mites. Only 12.6 per cent of the 
skin pouches contained live mites in mice 
treated once with aramite, and 3.5 per cent 
in mice treated twice. Following three 
weekly treatments with the compound, none 
of 153 skin pouches examined contained 
live mites. 

DISCUSSION 


The results obtained in this study indi- 
cate that an aqueous suspension of aramite, 
combined with a wetting agent, is capable 
of penetrating the infested follicles and 
killing the follicle-inhabiting mite, P. sim- 
plex. 


pouch as shown in figure 1. 


The results also suggest the use of mice 
infested with P. simplex as test animals to 
sereen compounds for topical as well as 


Fig. 4—A poich dissected to show contents: egg 
(E); adult female (F); larva (L); adult male 
(M); nymph (N). 
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systemic acaricidal activity. The substitu- 
tion of laboratory mice infested with P. 
simplex for larger animals infested with 
other follicle-inhabiting mites reduces the 
initial cost of the test animals, the cost of 
maintenance, the amount of space needed, 
the time required to complete the tests, and 
the time needed to evaluate the results. 
Furthermore, the results of controlled stud- 
ies involving large numbers of mice may 
be more valid than results obtained from 
clinical trials on a few larger animals. 


SUMMARY 


Three weekly topical applications of a 
2 per cent aqueous suspension of a wettable 


powder containing 15 per cent aramite [2- 
(p-tert-butylphenoxy) isopropyl-2-chloro- 
ethyl sulfite] combined with a wetting 
agent were found to be completely effective 
against follicular acariasis of mice caused 
by Psorergates simplex. 

The use of mice infested with P. simplex 
as test animals for the screening of com- 
pounds for topical as well as systemic acari- 
cidal activity was suggested. 
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Further Studies on the Relationship Between Particle Size and 
Anthelmintic Efficiency of Phenothiazine 


JAMES R. DOUGLAS, Ph.D.; NORMAN F. BAKER, D.V.M., Ph.D.; 
WILLIAM M. LONGHURST, Ph.D. 


Davis and Hopland, California 


IN AN EARLIER PAPER,” the authors re- 
ported experiments which demonstrated 
that the anthelmintic efficiency of pheno- 
thiazine was inversely proportional to the 
diameter of the particles. In that report, 
the commercial phenothiazine powder (N. 
F. grade) referred to as ‘‘medium’’ was 
estimated to have a mean particle diameter 
of between 40.0 and 50.0 wu. Further exam- 
ination of this material, using the air per- 
meation technique, established that the 
mean particle diameter was actually 12.8 p. 

Whitten’ reported that, although there were 
unexplained variations in the anthelmintic effi- 
ciency of various samples of phenothiazine against 
Trichostrongylus colubriformis, there was no 
doubt that the finer samples were superior to 
the coarser ones. 

Gordon* confirmed that there appeared to be 
an inverse relationship between the particle size 
of phenothiazine and its efficiency against nema- 
tode parasites of sheep. He suggested, however, 
that Oesophagostomum columbianum may be less 
affected by changes in particle size than the 


against the species in the large intestine (Oesopha- 
gostomum venulosum and Chabertia ovina). They 
suggested that these results would not be un- 
expected if anthelmintic activity depended on the 
presence of phenothiazine in the intestine in the 
region where the worms were located, since, it. is 
reasonable to assume that fine particles. would 
be more rapidly absorbed. 

The results of Collier et al.’ demonstrated that 
the rate of absorption of phenothiazine was at 
least partially dependent on particle size. 

The purpose of these trials was to deter- 
mine the anthelmintic efficiency of samples 
of phenothiazine of different mean particle 
diameters and to construct a curve show- 
ing the relationship between particle size 
and anthelmintic efficiency. 


MATERIALS AND METHODS 


Although the experiments reported here were 
conducted at two different times in 1955 and 1956, 
the methods were the same. Range lambs with 
natural worm infections were placed in a dry 
corral and fed alfalfa hay for approximately 


TABLE 1—Average Number of Worms per Lamb at Necropsy 


Groups given phenothiazine, 1955 


Groups given phenothiazine, 1956 


Wet-milled 


Purified 


Item 1.7 2.64 16.74 Control 194 2.94 10.8 4.8 Control 
Abomasum 78 48 528 926 32 59 141 63 634 
Small intestine 107 145 421 972 26 210 552 20 1,198 
Totals 185 949 1,898 58 269 693 83 1,832 
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*Particle size of phenothiazine. 


trichostrongyles, Ostertagia, Trichostrongylus, and 
Haemonchus. 

Thomas and Elliott® subsequently reported 
that, although finer particles were more efficient 
against the trichostrongyles of the abomasum anc 
small intestine, larger particles were more efficient 
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one month. On the basis of several fecal 
egg counts, using a modified McMaster tech- 
nique,"* the lambs were allotted to the desired 
groups, each with essentially the same average 
egg count. Each group then was treated as 
desired. 

With the exception of a wet-milled product, 
the phenothiazine was administered in hard gel- 
atin capsules to assure accurate dosage. The wet- 
milled product was administered with a dose 
syringe. 

On the seventh day after treatment, the lambs 
were slaughtered and total worm collections were 
made from the abomasa and small intestines, 
using methods described previously. The worms 
were counted and random samples were identified. 

In the 1955 experiment, four groups of 10 lambs 


worm 
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TABLE 2—Percentage Reduction in Number of Worms in Lambs Over Control Group 
Groups given phenothiazine, 1955 Groups given phenothiazine, 1956 
Wet-milled Purified 
Item 1.7 u* 2.64 16.7 4 1.94 2.94 10.8 uw 4.84 
Abomasum 92 95 43 95 91 78 90 
Small intestine 89 85 55 98 83 54 98 
Averages 90 90 50 97 85 62 95 


*Particle size of phenothiazine. 


were treated as follows: Lambs in group 1 were 
given 25 Gm. of wet-milled phenothiazine, mean 
particle diameter, 1.7 u; those in group 2 were 
given 25 Gm. of phenothiazine N.F. powder, 
mean particle diameter, 2.6 «4; those in group 3 
were given 25 Gm. of phenothiazine N.F. powder, 
mean particle diameter, 16.7 1; and those in group 
4 were not treated. 

In the 1956 experiment, five groups of 7 to 9 
lambs each were treated as follows: Lambs in 
group 1 were given 25 Gm. of phenothiazine N.F. 
powder, mean particle diameter, 1.9 uw; those in 
group 2 were given 25 Gm. of phenothiazine N.F. 
powder, mean particle diameter, 2.9 uw; those in 
group 3, 25 Gm. of phenothiazine N.F. powder, 
mean particle diameter, 10.8 4; those in group 4, 
25 Gm. of phenothiazine purified powder, mean 
particle diameter, 4.8 «4; and those in group 5 
were not treated. 

The mean particle diameter of the powder 
samples was determined by the air permeability 
technique, using a Fisher sub-sieve sizer. The 
wet-milled product was measured optically. 


RESULTS 


Numbers of Worms in Lambs at Necropsy. 
—The average number of worms per lamb 
recovered at necropsy is shown (table 1). 
The percentage reduction of worm numbers 
with reference to the controls is sum- 
marized (table 2). Analysis of the data 
by the ‘‘t’’ test, comparing the wet-milled 
product (1.7 ») with the fine powder 
(2.6 »), revealed that the differences ob- 
served in the abomasa, although small, 
were significant (P = 0.005). The expla- 
nation for this apparent contradiction may 
be found in the different methods of ad- 
ministration of the drug; the wet-milled 
material could not be given accurately with 


a dose syringe, and it is probable that the 
actual dose was somewhat less than 25 Gm. 
The wet-milled product may have gone 
directly into the omasum rather than into 
the rumen, as would be expected in the case 
of the powder, which might be partially 
responsible for the difference. It is also 
possible that the optical measurement of 
the wet-milled sample did not yield a figure 
comparable to that obtained on the 
powdered materials by the air permeation 
method. 

In the 1956 experiment, the difference 
between the number of worms recovered 
from the abomasa of lambs in the group 
given the 2.9 » N.F. powder and the abo- 
masa of those in the group given the 4.8 » 
purified powder was insignificant. This 
also was true of the worms recovered from 
the small intestines of lambs in the group 
given the 1.9 » N.F. powder and the small 
intestines of lambs in the group given the 
4.8 » purified powder. All other differences 
observed were significant, with P values 
of 0.05 to less than 0.001. 

The percentage distribution by species 
of worms recovered from the abomasa and 
small intestines of the lambs in the various 
groups is shown (tables 3, 4). The appear- 
ance of Haemonchus contortus in 1955, 
and their absence in 1956, apparently re- 
flects a decrease in spring rainfall on the 
range where the lambs were raised. These 
figures do not inelude either immature 
Nematodirus sp., which comprised less 
than 1 per cent of the population, or 
Strongyloides papillosus, which made up 


TABLE 3—Percentage Distribution By Species of Nematodes Recovered from the Abomasa 


Groups given phenothiazine, 1955 


Wet-milled 
Species 1.7 2.64 16.7 
O. cireumcincta 76 78 83 
O. trifurcuta 11 il 8 
T. vitrinus 12 0 5 
T. axei 1 11 4 
H. contortus 0 0 0 


*Particle size of phenothiazine. 


of Lambs 


Groups given phenothiazine, 1956 


Purified 


Control 194 2.94 10.84 4.8 4 Control 
62 89 79 65 84 84 

3 11 16 4 11 2 

4 0 0 27 5 10 
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TABLE 4—Percentage Distributio: 


By Species of Nematodes Recovered from the Small 


Intestines of Lambs 


Groups given phenothiazine, 1955 


Groups given phenothiazine, 1956 


Wet-milled Purified 
Species 1.7 2.64 16.74 Control 1.94 2.94 10.8 4.84 Control 
T. vitrinus 10 8 32 40 70 63 63 0 41 
T. colubriformis 3 0 5 1 0 3 2 0 0 
N. spathiger 39 21 48 42 0 15 29 100 9 
N. filicollis 43 71 15 17 30 19 6 0 5u 


*Particle size of phenothiazine. 


slightly less than 7 per cent of the popula- 
tion in the small intestine in 1956. 
DIscUSsION 

The combined data from the experiment 
reported previously,” plus those from the 
present trial have been utilized in the 
construction of the curve shown (graph 1). 
Since a decrease in particle size is accom- 
panied by a great increase in surface area 
and if, as the authors have suggested 
previously,” the anthelmintic activity of 
phenothiazine is dependent on surface con- 
tact between the particle and the worm 
cuticle, then it must follow that there is 
a direct relationship between surface area 
and anthelmintic efficiency. When the sur- 
face area, expressed as specific surface 
(sq. em./Gm.), is plotted on the ordinate 
as a function of anthelmintic efficiency on 
the abscissa, it is seen that between the 
values of aproximately 5,000 sq. em. per 
gram and 25,000 sq. em. per gram there is 
a linear relationship between these two 
functions. This portion of the curve 
(graph 1) has been plotted as a regression 
line by the method of least squares. The 
slope of the line through this range rep- 
resents 619 sq. em. per gram for each 1 
per cent increase in efficiency. The broken 
lines indicate one standard error of the 
estimating equation (+ 866 sq. em./Gm.). 

When the data within the linear portion 
of the curve (graph 1) are plotted separ- 
ately as regression lines representing an- 
thelmintic efficiency in the abomasum and 
small intestine (graph 2), a highly signifi- 
cant difference is observed (P = <0.005). 
Larger particles are seen to be more effec- 
tive against the worms in the abomasum 
than against those inhabiting the small in- 
testine. As the surface area of the pheno- 
thiazine increases, this differential effect 
decreases until efficiency becomes approxi- 
mately equal in both organs when the mean 
particle diameter is 2 » or less (approx. 
25,000 sq. em./Gm.). 


The relationship between particle size 
and anthelmintic efficiency against the 
species of nematodes encountered in the 
abomasum and small intestine is illustrated 
(regression lines in graphs 3, 4). The 
action of phenothiazine on Trichostron- 
gylus vitrinus is not significantly different 
in either organ (P = > 0.90), while T'rich- 
ostrongylus axet and Ostertagia circum- 
cincta, which also are not significantly 
different from each other (P = 0.02), ap- 
pear to be more susceptible than Nema- 
todirus spathiger or Nematodirus filicollis. 

The differences observed (graph 4) ap- 
parently are due to chance (P =0.10- 
0.70) ; however, it is probable that addi- 
tional trials would show 7’. vitrinus to be 
significantly different from N. spathiger 
and N. filicollis. 

It was reported previously * that pheno- 
thiazine was, in general, most effective 
against Ostertagia species, somewhat less 
effective against Trichostrongylus species, 
and least effective against Nematodirus 
species. However, this report failed to 
take into consideration differences in sus- 
ceptibility between species; for example, 
differences between T. vitrinus and T. azei. 


MEAN PARTICLE DIAMETER - microns 


SPECIFIC SURFACE -cm2/gm-thousands 
Ss 


w 


20 80 90 #00 


50 70 
PERCENT EFFICIENCY 
Graph 1—The relationship between particle size 
and the anthelmintic efficiency of phenothiazine 
against mixed nematode infections in the abomasa 
and small intestines of range lambs. 
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Graph 2—A comparison of the anthelmintic effi- 
ciency of phenothiazine, as a function of particle 
size, in the abomasa and small intestines of lambs. 


This was pointed out by Thomas and 
Elliott,>5 who found that T. colubriformis 
was more susceptible to phenothiazine than 
O. circumcincta. Unfortunately, in our 
trials 7. colubriformis has not occurred 
in sufficient numbers to permit a valid 
comparison. 

Although the data presented (graph 2) 
suggest that phenothiazine, particularly 
with a mean particle diameter of approxi- 
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Graph 3—A comparison of the anthelmintic effi- 

ciency of phenothiazine, as a function of particle 

size, against the nematode species in the abomasa 
of lambs. 


mately 10 yw, is more efficient in the abo- 
masum than in the small intestine, the 
results with 7. vitrinus indicate that the 
difference is due primarily to reduced 
efficiency against N. spathiger and N. 
filicollis. 

The foregoing lends support to the hy- 
pothesis set forth previously? that the 
anthelmintic activity of phenothiazine de- 
pends on direct solution from the solid 
state by the cuticle of the worm. However, 
it does not completely substantiate it, in 
that an increase in surface area also 
would increase the potential rate of solu- 
tion, even though not the final concentra- 
tion of phenothiazine in a saturated me- 
dium. Therefore, it is possible that, if 
absorption by the host and parasite ex- 
ceeds the rate of solution so that saturation 
of the gastroenteric contents is not reached, 
then the effect of particle size on anthel- 
mintie efficiency could be mediated through 
a fluid medium as well as cuticular contact 
with the solid particle. 

On the basis of the evidence presented 
by Gordon* and Thomas and Elliott,5 
with respect to the increased efficiency of 
larger particles of phenothiazine against 
the nematodes inhabiting the large intes- 
tine, it may be reasoned that cuticular con- 
tact with a solid particle is the mode of 
action. Small particles would tend to 
disappear by solution before they reached 
the large intestine, leaving only the larger 
particles. 

From the data presented, it appears that 
a desirable phenothiazine preparation for 
use in sheep, in areas where Ostertagia, 
Trichostrongylus, and Nematodirus are the 
nematodes of greatest importance, should 
have an average particle diameter of 2 4 
or less (specific surface of 25,000 sq. em./ 
Gm., or higher). The expected anthel- 
mintic efficiency of this preparation would 
be 90 to 100 per cent. 

Unfortunately, the preparation of such 
a formulation is not without its problems. 
For example, the basic cost of the pheno- 
thiazine would be increased. This, how- 
ever, probably would be compensated for 
by the increased efficiency. Possibly the 
greatest disadvantage would be the in- 
crease in bulk, which might not be of great 
consequence when a drench was used, but 
which would require an increase in the 
number of eapsules or boluses adminis- 
tered. 
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Graph 4—A comparison of the anthelmintic effi- 

ciency of phenothiazine, as a function of particle 

size, against the nematode species in the small 
intestines of lambs. 


50 60 


The apparent greater efficiency of puri- 
fied phenothiazine as compared with N.F. 
powder (graph 1) can not be explained 
on the basis of present information. If 
further evidence confirms this finding, it 
may be possible, by using purified pheno- 
thiazine with an average particle diameter 
of approximately 5 p», to solve the problem 
of increased bulk without a significant loss 
of anthelmintic efficiency. 

It should be emphasized that these data 
apply only to sheep; until additional evi- 
dence is available it can not be assumed 
that they apply equally well to cattle. 


SuMMARY 


There was found to be a linear relation- 
ship between specific surface area of pheno- 
thiazine preparations and anthelmintic 
efficiency, within the approximate range 
of 5,000 to 25,000 sq. em. per gram. This 
represents a range of approximately 1 to 
10 » mean particle diameter and 98 to 63 
per cent efficiency. Within these limits, 
an increase in specific surface area of 
619 sq. em. per gram resulted in a 1 per 
cent increase in efficiency. 

The anthelmintic efficiency of a purified 
phenothiazine preparation with a mean 
particle diameter of 4.8 » was found to be 
approximately equal to that of N.F. ma- 
terial with a mean particle diameter of 
1.9 p. 
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Investigations Concerning Bactericidal Substances in Rabbit Uteri 


H. W. HAWK, Ph.D. 
Beltsville, Maryland 


UTERI OF ANIMALS in the estrous phase of 
the reproductive cycle possess a highly effi- 
cient defense '* The migra- 
tion of leukocytes into the uterine lumen 
after experimental inoculation is associated 
closely with bactericidal activity of the 
uterus.‘ Phagocytosis, however, may not 
be the principal uterine defense mechanism 
in these circumstances; inflammatory exu- 
dates from estrous rabbit uteri were found 
to have bactericidal properties after the 
leukocytes had been removed.* The bac- 
tericidal substances in these exudates were 
active against Escherichia coli in vitro, as 
well as in inoculated uteri of pseudopreg- 
nant rabbits. 

The degree of bactericidal activity of 
leukocyte-free inflammatory exudates was 
dependent largely on the hormonal state 
of the animal; exudates from pseudopreg- 
nant rabbit uteri were much less bacteri- 
cidal in vitro than those from estrous rabbit 
uteri,* reflecting the difference in bacteri- 
cidal activity of their uteri. The uterine 
defense mechanism of luteal-phase rabbits 
and cows is much less efficient than that of 
estrous-phase animals,'?** this differ- 
ence possibly being related to the observa- 
tion that the inflammatory response to 
experimental inoculation deveiops more 
slowly in pseudopregnant than in estrous 
rabbit uteri.* 

This study was undertaken to investi- 
gate some possible sources of the bacteri- 
cidal factors in inflammatory uterine exu- 
dates. Blood serum is known to possess 
bactericidal properties and, thus, might be 
suspected as a source of the bactericidal 
factors in the uterine lumen. Since serum 
bactericidins which kill gram-negative bac- 
teria are labile when heated at 56 C. for 
30 minutes,'® a comparison was made of 
the thermostability at this time and tem- 
perature of the bactericidal substances in 

From the Dairy Cattle Research Branch, Agricultural 
Research Service, U.S. Department of Agriculture, Belts- 
ville, Md. 
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inflammatory uterine exudates and blood 
serums from estrous rabbits. 


EXPERIMENTAL PROCEDURES 
AND RESULTS 


The rabbits used in all these experiments were 
sexually mature Dutch females, eight to 12 months 
old. Estrous rabbits were in heat the day of use, 
being receptive to bucks, but were not allowed to 
mate. Pseudopregnant rabbits were obtained by 
mating estrous females to vasectomized bucks or 
by intravenous injection of 100 I.U. of chorionie 
gonadotrophin. They were used eight, nine, or 
ten days after the induction of ovulation. 

Experiment 1—Relative Thermostability of Bac- 
tericidal Factors in Blood Serum and Uterine 
Inflammatory Exudate.—Eight estrous rabbits 
were used in this experiment; pseudopregnant 
rabbits were not included because their uterine 
exudates had relatively limited bactericidal ae- 
tivity in comparison with those from estrous rab- 
bits four hours after uterine inoculatio..‘ Blood 
was drawn aseptically from the heart of each 
rabbit to obtain serum. 

The rabbit was laparotomized under pento- 
barbital sodium (Nembutal*) anesthesia and each 
uterine horn was ligated at the tubouterine june- 
tion and cervix, a ligature being placed around 
the posterior end of each cervix through an in- 
cision in the anterior vagina. Each uterine horn 
was inoculated by puncturing the uterine wall 
earefully with a 26-gauge hypodermic needle and 
introducing 0.2 ml. of a saline solution (0.87% 
NaCl) suspension of a 24-hour culture of Esch. 
coli washed from trypticase soy agar slants. Par- 
ticular care was taken not to puncture veins dur- 
ing inoculation, as this could have resulted in an 
undesired seepage of blood into the uterine lumen. 

Four hours after inoculation, the rabbit was 
killed and each uterine horn was flushed as thor- 
oughly as possible with 1.0 ml. of sterile physio- 
logical saline solution. The flushings from the two 
horns were pooled and the leukocytes removed by 
centrifugation at 600 r.p.m. for five minutes 
(19.5-em. radius). The supernantant fluid (leuko- 
eyte-free exudate) was divided equally and one 


sample was heated at 56C. for 30 minutes in a 


constant-temperature water bath, as was 0.5 ml. 
of blood serum. The heated and unheated samples 
of exudate and serum, as well as 0.5 ml. of saline 
solution, were inoculated with 0.2 ml. of a freshly 
prepared saline solution suspension of Esch. coli 
and incubated at 37C. for two hours. 


* Nembutal is produced by Abbott Laboratories, North 
Chicago, Ill. 
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The incubation mediums were diluted serially 
and duplicate 1.0-ml. aliquots of several tenfold 
dilutions were mixed in Petri dishes with violet 
red bile agar. The plates were incubated at 37 C. 
for 18 to 24 hours, the colonies counted, and cal- 
culations made of the total number of live Esch. 
coli recovered from each incubation tube. Several 
0.01-ml. aliquots of the first tenfold dilution of 
each incubation medium were spread carefully 
over a circular area 1 em. in diameter and dried, 
and the residues were stained and examined micro- 
scopically to determine whether any bactericidal 
activity of the exudates and serums was associated 
with lysis of the bacterial cells. 

The pH of each rabbit’s exudate was deter- 
mined by use of pH indicator paper or a pH meter. 

The mean log number of Esch. coli alive 
in each medium after the incubation period 
(table 1) was: heated blood serum, 8.57 
(372,000,000) ; unheated blood serum, 5.36 
(229,000) ; heated uterine exudate, 5.28 
(191,000) ; unheated uterine exudate, 4.62 
(41,700); and in saline solution, 8.17 
(148,000,000). The uterine exudates were 
highly bactericidal in vitro and retained 
strong bactericidai properties after being 
heated at 56 C. for 30 minutes. Unheated 
blood serum also was highly bactericidal 
in vitro, but the factors in serum which 
killed Esch. coli were inactivated by the 
heat treatment; bacterial growth occurred 
in all the heated serum samples. 

Statistically, the numbers of Esch. coli 
alive after incubation in the heated exu- 
dates, unheated exudates, and unheated 
serums were each significantly less (P= 
<0.01) than the number alive in saline 
solution, and the log difference between 
the numbers of Esch. coli alive in heated 
and unheated blood serum was significantly 
greater (P= <0.01) than the difference 
between the numbers alive in heated and 
unheated uterine exudates. 


The decisive differential effect of heat- 
ing suggested that the bactericidal sub- 
stances in inflammatory uterine exudates of 
estrous rabbits were not identical to those 
in blood serum. The bactericidal action 
of the substances in exudates and serums 
also appeared to differ. Microscopic exami- 
nation of the dried residue of the incuba- 
tion mediums showed that the bacterial 
cells incubated in unheated blood serum 
had been lysed, while most of those incu- 
bated in either heated or unheated uterine 
exudates remained intact, although killed. 

The bactericidal substances in the exu- 
dates were not thermostable, since heating 
at 100 C. for ten minutes destroyed their 
bactericidal properties. 

Acidity or alkalinity did not appear to 
be significant factors with regard to the 
bactericidal activity of the uterine exu- 
dates. The exudates varied from neutrality 
only slightly as they were flushed from the 
uteri and were invariably slightly alkaline 
(pH 7.1-7.8), being similar in this respect 
to the slight alkalinity of exudates from the 
pleural cavities of dogs during the early 
stages of experimental inflammation.” 

Uteri of all the rabbits in this experiment 
showed a severe inflammatory response 
four hours after inoculation. Except for 
the rabbit in replicate 5, the total number 
of leukocytes in the uterine lumen of each 
rabbit was over 100 million. Since a highly 
bactericidal leukocyte-free exudate is in- 
variably associated with a pronounced leu- 
kyocytic influx, leukocytes were investi- 
gated as a possible source of the bactericidal 
factors in inflammatory uterine exudates. 

Experiment 2—Bactericidal Activity of Leuko- 
cytic Extracts—Each uterine horn of 6 estrous 
rabbits was inoculated with Esch. coli and the 
rabbits were killed four hours later. Each horn 


TABLE 1—Log Numbers of Escherichia Coli Alive After Incubation in Vitro for Two Hours 
in Heated* and Unheated Blood Serum and Inflammatory Uterine Exudate of Eight Estrous 


Rabbits 
Inoculum Pea ae In vitro incubation medium 
Rabbit incubation Uterine exudate f =? Saline 
(No.) tube Heated Unheated Heated Unheated solution 
1 8.11 8.49 5.29 4.00 3.60 8.01 
2 8.09 8.40 5.56 4.59 3.48 8.02 
3 8.42 8.59 5.58 6.25 5.44 8.33 
4 8.32 8.59 5.73 6.32 5.35 8.28 
5 8.35 8.57 5.28 6.86 6.33 8.27 
6 8.21 8.56 4.78 3.70 3.40 8.10 
7 8.19 8.79 5.29 5.59 5.11 8.12 
8 8.39 8.56 5.37 4.88 4.24 8.23 
Mean 8.26 8.57 5.36 5.28 4.62 8.17 


* At 56 C. for 30 minutes. { Each uterine horn was inoculated with Esch. coli four hours before the 
uterine exudate was collected; the mean log number of Esch. coli injected per horn was 8.31 (204,000,000). 
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was flushed aseptically with 1.0 ml. of sterile phys- 
iological saline solution, the flushings from the 
horns of each rabbit were pooled, and leukocytes 
were collected by centrifugation. The supernatant 
fluids (leukocyte-free exudates) were saved and 
tested for bactericidal activity. The volume of cel- 
luiar debris, consisting mostly of polymorphonu- 
clear leukocytes, varied between 0.05 and 0.35 ml. 
for each rabbit. 

The leukocytes from each rabbit were washed 
four times in 10 ml. of sterile saline solution, 
being removed from the suspending medium each 
time by centrifugation. The washed leukocytes 
were disrupted by grinding with sand in a mor- 
tar containing approximately 2 ml. of saline solu- 
tion. Sand and cellular debris were removed by 
centrifugation, the supernatant fluid (leukocytic 
extract) was divided equally, and one sample was 
heated at 56 C. for 30 minutes to test for thermo- 
stability at this time and temperature of any 
bactericidal substances in the extracts. The heated 
and unheated leukocytic extracts, the original 
supernatant fluid from the uterine flushings, and 
1 ml. of saline solution were inoculated with Esch. 
coli and incubated at 37 C. for two hours. 

A loopful of luminal contents was taken from 
the uterus of each rabbit before flushing and was 
dried, stained, and examined microscopically to 
learn the condition of the leukocytes in the uterus. 
The pH of the ieukocytie extracts was determined 
by the use of pH indicator or a pH meter. Uterine 
exudates and leukocytie extracts from other estrous 
rabbits were tested for bactericidal activity after 
heating at various temperatures above 56C. by 
inoculating the heated sample, an unheated sample, 
and saline solution with approximately 200 million 
Esch. coli cells each and incubating for two hours. 

The pH of the leukocytic extracts was 4.5 to 5.0. 
Extracts were therefore obtained from leukocytes 
recovered from inoculated uteri of an additional 
6 estrous rabbits, the extract of each rabbit’s 
leukocytes was divided equally, and one sample 
was neutralized with 0.15 N NaOH to determine 
whether the extracts possessed bactericidal prop- 
erties independent of their acidity. Each sample 
was inoculated with approximately 200 million 
Esch. coli and ineubated at 37C. for two hours. 


The mean log numbers of Esch. coli alive 
in the indicated mediums after the incu- 
bation period (table 2) are: leukocytic ex- 


tracts, 5.36 (229,000); heated leukocytie 
extracts, 5.89 (776,000); leukocyte-free 
exudates, 4.97 (93,300) ; and saline solution, 
8.12 (132,000,000). The mean numbers of 
Esch. coli alive after incubation in the 
heated and unheated leukocytic extracts 
and in the leukocyte-free exudates were 
each significantly less (P = <0.01) than 
the number alive in saline solution. The re- 
sults indicate that leukocytes recovered 
from inoculated uteri of estrous rabbits, as 
well as the leukocyte-free exudates from 
these rabbits, contain one or more sub- 
stances which are highly bactericidal to 
Esch. coli. The bactericidal substances in 
the leukocytic extracts were affected only 
slightly by heating at 56 C. for 30 minutes, 
and the bactericidal action of the extracts 
was not associated with appreciable lysis of 
bacterial cells. 

Neutralization of leukocytic extracts did 
not eliminate their bactericidal activity, 
indicating that the extracts possessed bac- 
tericidal properties independent of their 
acidity. Mean log numbers of Esch. coli 
alive after incubation in each of six un- 
neutralized extracts were: 6.16 (1,450,000) ; 
in each of six neutralized extracts, 7.05 
(11,200,000) ; and in saline solution, 8.13 
(135,000,000). The differences in numbers 
of Esch. coli alive after incubation in the 
neutralized extracts and in saline solution 
were significant statistically (P= 0.03). 

As far as was determined during this 
experiment, the bactericidal substances in 
leukocytic extracts and leukocyte-free exu- 
dates possessed similar properties of 
thermostability. The bactericidal activity 
of both the exudates and extracts was di- 
minished slightly after heating at 56 C. for 
30 minutes (tables 1, 2), and progressively 
more bactericidal activity was lost by the 
heating of highly bactericidal exudates 
and extracts at 60, 70, and 80C. for 30 
minutes, although considerable activity 


TABLE 2—Log Numbers of Escherichia Coli Alive After Incubation in Vitro for Two Hours 
in Extracts of Leukocytes and Leukocyte-Free Exudates from Six Estrous Rabbit Uteri 


Inoculum 
per 
Rabbit incubation Leukocytic 
(No.) tube extracts 
I 8.31 5.03 
2 8.17 4.48 
3 8.18 3.19 
“4 8.28 6.02 
5 8.28 7.41 
6 8.31 6.01 
Mean 8.26 5.36 


* At 56 C. for 30 minutes. 


In vitro incubation medium 


Heated * 


leukocytic Uterine Saline 

extracts exudates solution 
5.59 3.34 8.14 
4.83 5.13 8.03 
4.94 3.57 8.14 
5.89 4.88 8.12 
7.51 6.88 8.10 
6.57 6.01 8.18 

4.97 


XUM 


3. Am. J. VET. RES. 9 
JANUARY, 1959 BACTERICIDAL SUBSTANCES IN UTERI 209 
@ still was present after heating at 80C. properties of the leukocyte-free exudate. 
@ Only slight, if any, activity was observed Release of such substances by intact leuko- 
L, after heating at 90C. for 30 minutes or eytes might also be considered. 
f 100 C. for ten minutes. : One other possibility was considered 
e Although Esch. coli were incubated rou- with regard to possible sources of the bac- 
8 tinely for two hours in exudates and tericidal factors in uterine inflammatory 
e extracts, highly bactericidal samples of exudates, i.e., that such factors were associ- 
n exudates and extracts killed most of 200 ated directly with the bacterial inoculum 
.- million Esch. colt in 15 minutes and killed ysed to induce the inflammation and were 
d over 99.9 per cent in one hour. not produced by the rabbit. A nonbacterial 
S Again, a definite association was ob- irritant therefore was used to induce uter- 
n served between the volume of cells in the jne inflammation and the resulting exu- 
- uterine flushings and the bactericidal ac- dates were tested for bactericidal activity. 
0 tivity of the leukocyte-free exudates. A Experiment 3—Bactericidal Activity of Silica- 
n similar association was observed, as would Induced Inflammatory Exudates—Uteri of 10 
y be expected, between the volume of cells estrous and 5 pseudopregnant rabbits were in- 
3, in the flushings and the bactericidal ac- jected with silica. Each uterine horn from the 
io tivity of the leukocytic extracts. first 5 estrous rabbits was ligated and injected 
f The results of this experiment suggest With “y ya 
that the bactericidal factors in leukocyte- “07 Washed, Bnely ground sand; bese 
fr poe Jat ld f were killed four hours later. One estrous and 1 
d ree bas erine ae ate cou come trom pseudopregnant rabbit were paired in each of the 
, leukocytes. W ithin the limits of the meth- next five replicates. Each uterine horn from these 
= ods used, no differences were observed in rabbits was injected with 0.2 ml. of a sterile 
r the properties of the bactericidal factors saline solution suspension of washed diatomaceous 
a in the uterine exudates and leukocytic ex- silica. Eight rabbits (replicates 6 through 9; table 
\- tracts. Leukocytiec extracts were highly 3) were killed six hours after injection; the rab- 
es w _ bits in replicate 10 were killed 16 hours after 
bac tericidal to Esch. colt, oe the — injection. Each uterine horn was flushed with 1.0 ml. 
5 dates, neither was deciaedly bacteriolytic, 
1 th eats h od of sterile physiological saline solution, the flush- 
ome ings of the two horns were pooled, and the leuko- 
'S properties of thermostability. Further, cytes and silica were removed by centrifugation. 
e microscopic examination of cellular exu- The sediment was examined for cellular content. 
n dates taken directly from the uteri showed The supernatant fluids (leukocyte-free exudates) 
that a smali percentage of the polymorpho- and equal volumes of saline solution were inocu- 
S nuclear leukocytes was obviously damaged, ated with Esch. coli and incubated for two hours 
n and occasional cellular fragments were 37 of 
seen. It seems likely that the bactericidal ‘cubation Period was 
oar soe t tabl f calle han for any bactericidal factors associated with the 
f su stances ex ractable From CUKOCYTES silica itself, an aliquot of saline solution in which 
y would diffuse into the uterine luminal fluid _ giliea had been kept for at least 24 hours was 
i- from these damaged cells and might ac-  jnoculated and ineubated along with each repli- 
r count, wholly or partly, for the bactericidal cate of exudates. 
y 
e TABLE 3—Log Numbers of Escherichia Coli Alive After Incubation in Vitro for Two Hours 
S in Leukocyte-Free Silica-Induced Inflammatory Exudates of Ten Estrous and Five Pseudo- 
0 pregnant Rabbit Uteri 
per Estrous Pseudopregnant 
incubation rabbit rabbit Saline 
1 8.12 8.01 
6 8.38 6.50 8.45 8.30 
7 8.37 7.47 8.55 8.30 
8 8.36 6.17 6.72 8.27 
9 8.35 6.70 8.55 8.24 
10 8.28 5.68 6.51 8.21 
*All exudates except those in the first three replicates were heated at 56C. for 30 minutes before 
inoculation. Exudate-donor rabbits in the first five replicates were killed four hours, those in the next 
four replicates, six hours, and those in the last replicate, 16 hours after silica injection. 
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All exudates except those from the first 3 than those from the pseudopregnant rab- 


estrous rabbits (replicates 1, 2, 3) were heated 
for 30 minutes at 56 C. before inoculation. 

The mean log numbers of Esch. coli 
alive after the incubation period (table 
3) were: in estrous rabbit exudate, 6.50 
(3,160,000) ; pseudopregnant rabbit exu- 
date, 7.76 (57,500,000); and saline solu- 
tion, 8.21 (162,000,000). The number of 
Esch. coli alive after incubation in the 
estrous rabbit exudates was significantly 
less than the number alive after incuba- 
tion in saline solution (P=<0.01); exu- 
dates from 9 of the 10 estrous rabbits 
were bactericidal, as were exudates from 
2 of the 5 pseudopregnant rabbits. Washed 
silica itself apparently possessed no bac- 
tericidal properties, since the numbers of 
Esch. coli alive after incubation in saline 
solution from which silica had been re- 
moved did not differ from the numbers 
alive in the other saline solution controls; 
therefore, only one set of saline solution 
data is listed (table 3). 

The results of this experiment indicate 
that a bactericidal inflammatory exudate 
can be produced by the uterus in response 
to a nonbacterial irritant, thus failing to 
suggest that factors associated with the 
inoculum itself were primarily responsi- 
ble for the bactericidal activity of Esch. 
coli-induced exudates. 

It can not be stated with certainty that 
the bactericidal substances in silica-induced 
inflammatory exudates were identical to 
those in Esch. coli-induced exudates, al- 
though they were similar as far as they 
were tested. The bactericidal substances 
in the silica-induced exudates were stable 
after heating at 56 C. for 30 minutes, were 
inactivated by heating at 100C. for ten 
minutes, and apparently were not greatly 
bacteriolytie in vitro. 

In general, bactericidal activity of the 
uterine exudates was related to the degree 
of inflammatory response to the silica. 
Exudates that failed to show bactericidal 
activity were from uteri that failed to show 
leukocytie responses. The pseudopregnant 
rabbits did not respond as quickly or as 
consistently to the irritant as the estrous 
rabbits, this difference being similar to the 
differential leukocytic response to Esch. 
coli during the first four hours postin- 
oculation.* 

Exudates from the estrous rabbits in the 
last five replicates were more bactericidal 


bits (P = <0.02). This difference is similar 
to that between Esch. coli-induced exudates 
from rabbits of the two endocrine states.* 


DISCUSSION 


These experiments have demonstrated 
that extracts of the cellular component 
of the uterine inflammatory response con- 
tained bactericidal substances which were 
similar to those in leukocyte-free inflam- 
matory uterine exudates, indicating that 
leukocytes may be the source of the bac- 
tericidal factors in the exudates. The close 
association between the degree of leuko- 
eytic response and the bactericidal activ- 
ity of uterine exudates also is suggestive. 
The presence of bactericidal substances in 
inflammatory uterine exudates thus may 
be a consequence of leukocytic influx. Dif- 
fusion from damaged leukocytes might ac- 
count for the presence of these substances 
in the exudates, and perhaps the possibil- 
ity should not be overlooked that intact 
leukocytes might be capable of releasing 
such factors under certain conditions. Re- 
cent experimental results indicated that 
leukocytes were able to release pyrogen 
into the surrounding medium while intact 
and viable.'! Further experimentation will 
be necessary to establish more firmly or to 
disprove the suggestion that bactericidal 
substances in uterine exudates are derived 
from leukocytes. 

These experiments have not ruled out 
the possibility that the uterine tissue itself 
produced a part of the bactericidal factors 
in the inflammatory exudates. 

Occasionally, a uterine exudate from an 
estrous rabbit has failed to show bacteri- 
cidal activity in vitro, although few of the 
introduced bacteria were recovered alive 
from the uterine lumen. In all such in- 
stances, relatively few leukocytes (<10 
million) were flushed from the uterus. 
Only slight bactericidal potential of such 
exudates might be difficult to detect in the 
presence of growth-promoting nutritive 
substances. 

Several investigators have reported the 
bactericidal activity of leukocytic ex- 
tracts.’° The one or more bactericidal sub- 
stances in the leukocytic extracts in this 
study, and possibly those in the inflam- 
matory uterine exudates as well, may be 
identical to a bactericidal substance ex- 
tracted recently from leukocytes induced 
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into the peritoneal cavities of rabbits.*°® 
The substance was called ‘‘phagocytin.’’ 
It was particularly bactericidal to gram- 
negative enteric bacilli, but was not bac- 
teriolytic. It was stable to heating at 56 C. 
for 30 minutes and its bactericidal activity 
was destroyed by heating at 100 C. for ten 
minutes. The bactericidal substances in the 
uterine exudates and leukocytic extracts in 
this study resemble phagocytin in these 
respects. 

Although polymorphonuclear leukocytes 
are known to contain lysozyme, this sub- 
stance ordinarily is not bactericidal to 
Esch. coli®; and apparently is not iden- 
tical to the bactericidal factors in the 
exudates and extracts in this study. Hemo- 
globin is bactericidal to Esch. coli under 
certain conditions,’® but few erythrocytes 
could be found in the cellular exudates 
in this study, and the color of the leuko- 
eyte-free exudates was not indicative of 
the presence of hemoglobin. 

If the bactericidal substances in uterine 
exudates do originate in leukocytes, the 
differential rate of leukocytic influx into 
inoculated uteri of estrous and pseudo- 
pregnant rabbits might explain the dif- 
ference in bactericidal activity of their 
exudates during the early stages of in- 
flammation. The number of leukocytes in 
the uterine lumina of pseudopregnant rab- 
bits four hours after inoculation was ap- 
proximately 5 per cent as great as the 
number in estrous rabbit uteri, and uterine 
exudates from the estrous rabbits were 
much more bactericidal than those from 
pseudopregnant rabbits.* A similar differ- 
ence between estrous and pseudopregnant 
rabbits in the rate of leukocytic influx and 
bactericidal activity of uterine exudates 
was observed in the silica-inoculated uteri 
in this study. 

At later stages of experimentally induced 
uterine inflammation, luteal-phase rabbit 
and cow uteri contain greater amounts of 
pus than do uteri of estrous-phase ani- 
mals.!-*- 12,14 Tf the association between the 
degree of leukocytic influx and the bacteri- 
cidal activity of leukocyte-free exudates is 
independent of the hormonal state of the 
animal, it might follow that exudates from 
pseudopregnant rabbits would be more bac- 
tericidal at later stages of uterine inflam- 
mation than those from estrous rabbits. In 
an experiment subsequent to those reported 
here, this was found to be the case ; 16 hours 


after inoculation of ligated uteri with Esch. 
coli, leukocyte-free exudates from pseudo- 
pregnant rabbits were extremely bacteri- 
cidal—even more so than exudates from 
estrous rabbits at the same stage of in- 
flammation.? 

These experiments were not intended to 
elucidate the importance to the uterine de- 
fense mechanism of bactericidal substances 
in inflammatory uterine exudates. How- 
ever, the apparent lack of lytic action by 
the bactericidal substances in vitro would 
make questionable the possibility that these 
substances constitute the only uterine de- 
fense mechanism against introduced Esch. 
coli, since, after the action of an effective 
defense mechanism, few of the introduced 
bacteria can be found in the uterine flush- 
ings of estrous rabbits. Thus, it seems 
likely that other defenses also are active, 
although these bactericidal substances may 
be an integral part of the uterine defense 
mechanism. 


SUMMARY 


Investigations were made on _ possible 
sources of bactericidal substances in leuko- 
cyte-free inflammatory exudates of rabbit 
uteri. 

Bactericidal substances in cell-free exu- 
dates from Escherichia coli-inoculated es- 
trous rabbit uteri were stable when heated 
at 56 C. for 30 minutes. Blood serum lost 
its bactericidal activity under the same 
treatment, indicating that the bactericidal 
substances in blood serum and in uterine 
inflammatory exudates were not identical. 

Extracts of washed leukocytes collected 
from inoculated uteri of estrous rabbits 
were highly bactericidal to Esch. coli. The 
leukocytic extracts possessed bactericidal 
properties independent of their acidity. 
The bactericidal substances in the leuko- 
cytic extracts and in leukocyte-free uterine 
exudates were similar as far as they were 
tested; they were relatively thermostable, 
but were destroyed by heating at 100C. 
for ten minutes, and were not bacteriolytic. 

Leukocyte-free exudates obtained from 
silica-injected estrous rabbit uteri were 
also bactericidal. A nonbacterial irritant 
thus was able to induce the presence of 
bactericidal substances in the uterus, indi- 
eating that factors not associated with the 
bacterial inoculum itself were responsible 
for the bactericidal activity of Esch. coli- 
induced exudates. Silica-induced exudates 
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from pseudopregnant rabbits were less bac- 
tericidal than those from estrous rabbits. 

Within the limits of the methods used in 
these experiments, the resuits support the 
hypothesis that leukocytes are the princi- 
pal source of bactericidal substances in 
leukocyte-free inflammatory uterine exu- 
dates. The presence of such substances in 
the exudates might be due to diffusion from 
damaged leukocytes or to release by intact 
leukocytes. 
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Histological Observations of the Genitalia of the Immature, 
the Castrated, and the Mature Bovine Male 


D. M. TROTTER, D.V.M., M.S. 


Manhattan, Kansas 


AnaToMIsTs, histologists, and pathologists 
have assumed for many years that the mi- 
eroscopic structure of the male bovine geni- 
talia was almost identical to that of man. 
In the literature there are many good and 
complete descriptions of the histology of 
the human male genitalia, but no similar 
complete descriptions for the bovine male 
genitalia were found. 


REVIEW OF LITERATURE 


Many of the recorded studies dealt only with one 
organ or structure of the system, and under special 
circumstances, as in the study of the interstitial 
cells of the testis during prenatal life by Hooker,” 
observations on the erectile tissue by Deysack,® and 
the study of the blood supply of the testis by 
Harrison.” 

Numerous studies on sterility included isolated 
areas of the system under abnormal conditions, 
either natural or experimental, but did not include 
the normal histclogy of the whole system," 

Numerous other studies of small areas or of the 
system under special circumstances included a 
study of congenital abnormalities by Rollinson ;™ 
bacteriological, clinical, and pathological studies by 
Easley et al.° and Kimball et al.;* the histology of 
the male genital system as related to the other 
endocrine organs of the body by Cupps et al.;° and 
histological studies of small pathological areas for 
diagnosis of clinical conditions by Perkins et al.,” 
Fossland,“ and Milne.” 

Phillips and Andrews ® made an age-development 
study, but concentrated their work on the sperma- 
tozoa; Williams“ described testicular atrophy, but 
gave little normal histology. Many other studies 
described the basic normal or abnormal develop- 
ment of the organs or cells with special reference to 
certain cells or areas.” * 

A comparison of the glandular accessory organs 
in wild and domestic animals was recorded by 
Macklin and Macklin.” Melampy et al.” made a 
complex study of the composition and histochemis- 
try of tie testicle. Cellular and secreted products 
of the testes have been the subject of many 
studies.” 10, 19, 31, 34 

The effect of castration on urethral development 
was studied by Marsh and Safford,” but effects on 
the other parts of the system were not included. 

Haq* recorded the most complete study of the 
epithelial structures of the male bovine genital 
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tract but did not include the whole system in his 
study. He mentioned the lack of studies on the 
normal organs as a handicap in the study of ab- 
normal or pathological conditions. 

The gross anatomy textbooks of McLeod™ and 
Sisson and Grossman™ gave accurate descriptions 
of the gross structures of the male bovine genital 
system but limited any histological information to 
brief footnotes or statements within the formal 
descriptions. 

The formal textbooks on histology were nearly 
all based on human structure. A few isolated state- 
ments on the male bovine genitalia were present in 
some works.” 

The textbooks on veterinary histology were de- 
voted primarily to domestic animals in general and 
made only brief reference to the bovine male 
genitalia. 

This study was conducted in an effort to 
confirm or disprove assumed facts, to find 
new information, and to consolidate the in- 
formation regarding the similarity of the 
microscopic structure of the genitalia of 
man and the bovine male. 


MATERIALS AND METHODS 


Four 1-day-old calves, 5 animals killed at a 
slaughterhouse, 7 animals used for gross anatomical 
study, and 4 mature bulls killed for necropsy were 
used in this study. The complete genital system, 
including the testicles, prostate gland, seminal vesi- 
cles, bulbourethral glands, penis, prepuce, scrotum, 
and accessory muscles, was collected from each of 
the animals. 

The specimens were preserved in a 10 per cent 
solution of formaldehyde. Latex injections in the 
arterial system were made to facilitate gross dis- 
section and study. Tissue specimens from 27 dif- 
ferent areas of each set of organs were collected 
for microscopic study. The tissue specimens were 
dehydrated with aleohois and then infiltrated, em- 
bedded, and blocked in paraffin. Sections were cut 
with the microtome at 5 to 7 wu and stained with 
hematoxylin and eosin. Photomicrographs were 
made of the areas most important to the histologi- 
eal study. 


OBSERVATIONS 
THE TESTICLES 
The surface of the testicle was covered by 


the tunica vaginalis propria, except at the 
attachment of the epididymis. This tunic 
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was basically a single layer of mesothelial 
cells. The tunica albuginea consisted of a 
layer of connective tissues just beneath the 
tunica vaginalis. It was composed mostly 
of collagenous fibers; some elastic fibers 
were evident. 

Small, fragile connective tissue septa ex- 
tended into the gland from the tunica albu- 
ginea to a more dense and concentrated 
area of connective tissue that formed a 
longitudinal core through the center of the 
organ. This core was designated as the 
mediastinum by Maximow and Bloom.”* 
The septa divided the gland into indistinct 
lobules. The convoluted seminiferous tu- 
bules were found within the lobules. 

Between the seminiferous tubules were 
the interstitial tissue and the interstitial 
cells (Leydig cells). The interstitial tissue 
was a continuation and modification of the 
connective tissue of the small supporting 
septa. The interstitial tissue had decreased 
fibrous tissue elements and increased vas- 
cular elements, as compared to the struc- 
ture of the septa. The interstitial cells were 
located in irregular areas between the semi- 
niferous tubules. 


Fig. 1—Epithelium of seminiferous tubule of a 
mature testicle of the bull. H&E stain; x 330. 


The cells appeared to be modifications of 
the connective tissue cells of the area. The 
round-to-oval basophilic nucleus was the 
prominent feature of the oval- to irregular- 
shaped interstitial cell. The production of 
male sex hormone has been suggested as 
the prime function of the cells.** 

The epithelium of the seminiferous tu- 
bules rested on a basement membrane which, 
in turn, rested on the interstitial tissue 
(fig. 1). In the tubules of the mature ani- 
mal, two basic cell types, the sustentacular 
cells and the spermatogenic cells, were 
present. 

The sustentacular cells (Sertoli cells) were 
relatively few in number as compared 
with the spermatogenic cells. The susten- 
tacular cells rested on the basement mem- 
brane and extended toward the lumen of 
the seminiferous tubule. The nuclei were 


basically round to oval and stained lighter 
than the nuclei of the various stages of the 
spermatogenic cells. The cytoplasm of the 
sustentacular cells was very irregular and 
often indistinct, depending on the extent of 
the characteristic crowding by the sper- 
matogeniec cells. 


Fig. 2—Seminiferous tubule of an immature bo- 
vine testicle. H&E stain; x 380. 
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The spermatogenic cells basically were 
arranged in three zones. The large, oval-to- 
round spermatogonial cells were usually in 
a single row along the basement membrane. 
The nuclei of these cells were large, con- 
tained much chromatin and, in some eells, 
showed various stages of cell division. 

Toward the lumen was a zone of two to 
four cell layers which contained the pri- 
mary and secondary spermatocytes. The 
primary spermatocytes were most numer- 
ous in the area closest to the zone of sper- 
matogonial cells. The primary spermato- 
cyte was usually the larger of the two 
spermatocyte cell types and was oval to 
round in shape, with a large, round, darkly 
staining nucleus occupying most of the 
cytoplasm of the cell. 

The secondary spermatocyte usually was 
round and had a dark chromatin-prominent 
nucleus which did not as completely fill the 
cell as in the primary stage. This secondary 
group of cells was most numerous in the 
areas toward the lumen beneath the sper- 
matid cells. 

The spermatids were in a zone of vari- 
able cell thickness on the spermatocyte 
layer and toward the lumen of the seminif- 
erous tubule. The spermatids were variable 
in their structure as they gradually trans- 
formed into mature spermia and, at some 
stages, resembled lymphocytes. 

Initially, the spermatids were the cells 
which formed following division of the sec- 
ondary spermatocyte. As new daughter 
cells they were oval to round, had round 
nuclei, and basically were small editions of 
the secondary spermatocyte. 

As the spermatids transformed into ma- 
ture spermia, they stayed in close apposi- 
tion to the sustentacular cells, which nour- 
ished or supported these transforming cells 
as well as some of the newly formed 
spermia. The transition in the spermatids 
was one in which the cytoplasm was re- 
duced in amount until it was nearly non- 
existent, the nucleus became smaller, the 
chromatin condensed to become the head of 
the sperm cell, and a tail developed from 
the cell to complete the mature sperm cell. 

The immature testicle had the same basic 
structure as the mature. There were sev- 
eral major differences, all of which were 
related to the inactivity or the immaturity 
of the organ. The epithelium of the semi- 
niferous tubules was a single layer of 
cuboidal cells resting on the basement mem- 
brane (fig. 2). The lumen of the seminif- 


Fig. 3—Bovine epididymis epithelium. H & E 
stain; x 290. 
Fig. 4—Epithelium of the pelvic urethra of a 
mature bull. H&E stain; x 290. 


Fig. 5—Epithelium of urethra in the urethral proc- 
ess of a mature bull. H&E stain; x 430. 
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erous tubules was not noticeable; this was 
a striking difference from the spermatozoa- 
filled lumina of the seminiferous tubules of 
the mature bull. The interstitial cell groups 
of the immature testicle were not promi- 
nent though, in some areas, a suggestion 
of their future presence was detectable in 
groups of fibroblast-like cells with more 
vesiculate nuclei and more abundant cyto- 
plasm. 


THE EFFERENTES 


The products of the seminiferous tubules 
left each lobule by a short duct called the 
straight tubule (tubule rectus). These 
ducts converged at the fibrous connective 
tissue core, which was the origin of the 
small connective tissue septa. Within this 
connective tissue, the ducts became irregu- 
lar in shape; near the head of the epididy- 
mis the ductuli efferentes, a series of about 
12 ducts, emerged from the connective 
tissue core at the proximal end of the tes- 
ticle. At this point, the ductuli efferentes 
coalesced to form a single duct which was 
the beginning of the epididymis. The epi- 
thelium of the duct changed somewhat, as 
did the wall of the duct. As the transition 
occurred from the seminiferous tubule to 
the straight tubule, the spermatogenie cells 
disappeared. This left the tall sustentacu- 


lar (Sertoli) cell as the predominant cell 
in this area. In the connective tissue sep- 
tum, the epithelium varied from squamous 
to cuboidal in the different portions of the 
rete testis. This variable epithelium con- 
tinued into the ductuli efferentes. 


THE EpiwipyMIs 


At the head of the epididymis, the epi- 
thelium was primarily simple columnar to 
pseudostratified columnar, with the cells 
showing cilia on the free borders (fig. 3). 
The nuclei of the columnar cells were long 
and oval, and all rested at nearly the same 
level in adjacent cells. Beneath the colum- 
nar cells was a zone of polyhedral-to-round 
cells, with oval-to-round nuclei, that rested 
on approximately the same level with each 
other. This layer of cells appeared to be 
modified connective tissue, and the cells 
rested on a basement membrane which, in 
turn, rested on the fibrous connective tis- 
sue supporting wall of the ducts. Smooth 
muscle cells were present in a layer which 
encircled the wall of the duct. The tor- 
tuous bends of the epididymal ducts were 
held together by light, vascular connective 
tissue. 

The structure of the duct wall in the 
body of the epididymis was similar to that 
described for the head of the epididymis, 


Fig. 6—Mature bovine 

prostate gland, dissemi- 

nated part. H & E stain; 
x 430. 
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except that the smooth muscle cell layers 
which encircled the duct had increased in 
number. 

The structure of the duct wall in the tail 
of the epididymis was similar to that in 
the head and the body, except that the 
lumen of the duct was larger, and the cir- 
cular layer of smooth muscle was a more 
prominent feature. The connective tissue, 
consolidating the epididymis into a single 
mass, was vascular and contained numerous 
nerve elements. 


THE Ductus DEFERENS 


The basic structure of the ductus def- 
erens was similar to that of the duct wall 
in the epididymis. In the ductus deferens, 
the columnar epithelial cells were some- 
what lower, and cilia, though present, were 
less prominent. The cells beneath the col- 
umnar layer were in several layers, causing 
a protrusion of the columnar epithelium 
into the lumen. The ductus deferens had a 
much thicker wall than the epididymis and 
contained well-developed smooth muscle 
layers. These muscle layers could be dis- 
tinguished as an inner longitudinal, a mid- 
dle circular, and an outer longitudinal 
layer. The outer longitudinal layer blended 
with the supporting outer connective tis- 
sue of the duct. 

The terminal 2 or 3 inches of the ductus 
deferens was modified into an ampulla. 
This modification resulted in an increase 
in the external diameter with little increase 
in the size of the lumen. The wall of the 
ductus deferens in this area had become 
very thick as a result of many irregular 
folds of the epithelium. The folds econ- 
tained connective tissue centers and were 
covered by clear, rather low, columnar 
cells. The resulting pockets, which basically 
were evaginations of the epithelium, often 
branched and anastomosed with each other. 
The smooth muscle layers were still present 
but were less distinct. Portions of the epi- 
thelial evaginations were found among the 
muscular layers and gave the appearance 
of glands. 


THE URETHRA 


The epithelium of the pelvie urethra 
(fig. 4) was transitional. The cells of the 
superficial layer were flat, those of the mid- 
dle layer were polyhedral, and those of the 
basal layer were low columnar or cuboidal. 
The epithelium rested on a fairly loose vas- 


cular connective tissue. The venules in this 
area were large, thin walled, and repre- 
sented a form of erectile tissue. Smooth 
muscle fibers, continuous with those of the 
disseminated part of the prostate gland, 
were present in the outer part of the con- 
nective tissue layer. The striated urethral 
muscle surrounded both the urethra and 
the prostate gland in this area. 

The epithelium was transitional at the 
sigmoid flexure but usually appeared to be 
thicker than that of the pelvie urethra, as 
the epithelium was relaxed and thrown up 
into prominent longitudinal folds with con- 
nective tissue centers. The tissue surround- 
ing the urethra was quite vascular, forming 
cavernous erectile tissue. The connective 
tissue in the area was very fibrous. The 
area closest to the urethral epithelium was 
composed mostly of small, cavernous, ve- 
nous spaces. Farther out, and continuing to 
the heavy fibrous connective tissue layer of 
the shaft of the penis, the venous spaces 
became larger cavernous sinus-like struc- 
tures. 

In the urethral process, the epithelium 
(fig. 5) was transitional, thick, and thrown 
into longitudinal folds; in mature animais, 
it contained many lymphocytes. The erec- 
tile tissue surrounded the urethra in a defi- 
nite, but poorly developed, layer. Nerve 


Fig. 7—Immature bovine prostate gland, dissemi- 
nated part. H&E stain; x 345. 
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fibers in the erectile tissue and in the con- 
nective tissue were characteristic of this 
area. The epithelium changed to stratified 
squamous at the terminal end of the ureth- 
ral process and was continuous with the 
epithelium that covered the glans and lined 
the prepuce. 


THE ProstaTE GLAND 


The prostate gland was composed of 
many tubuloalveolar glands that emptied 
by numerous prostatic ducts into the dorsal 
wall of the lumen of the pelvic urethra. 
The secreting portions of the gland were 
round, oval, or irregular in shape, as seen 
in the sections. Folds or papillae of epi- 
thelium, with central cores of connective 
tissue, were found projecting into the lu- 
men of the secreting parts of the gland. 
Portions of the folds occasionally appeared 
free in the cavities of the secreting portion. 

The glandular epithelium was high col- 
umnar in the active glands of the mature 
animal (fig. 6) and low columnar in the 
immature gland of the 1-day-old calf and 
in the castrated male (fig. 7). The nuclei 
of the glandular epithelium were all at 
approximately the same level in the basal 
one third of the active cells and in the 
basal half of the immature or inactive cells. 

In the active cells, the cytoplasm exhib- 


ited numerous eosinophilic secretory gran- 
ules. Groups or masses of these granules 
were also occasionally observed on the free 
surface of the cells. When secretory gran- 
ules were numerous and the cytoplasm was 
full, the nuclei were pushed toward the 
base of the cell and became slightly fiat- 
tened. 

The epithelial cells lay upon a layer of 
connective tissue which contained capil- 
laries and elastic fibers. The connective 
tissue varied, with a seemingly greater 
amount in immature or inactive glands and 
less in mature active glands. No basement 
membrane was apparent. 

The striated urethral muscle surrounded 
the disseminated portion of the prostate. 
The muscular septa extended in toward the 
urethra through the prostate gland. Many 
nerve fibers and some small arteries and 
veins were present in the connective tissue 
on the dorsal and lateral surface of the 
urethral muscle and, in the dorsomedial 
area, in the muscle itself. 


THE SEMINAL VESICLES 


In the seminal vesicles, the lumina of the 
glands were not distinctly outlined because 
the mucous membrane was folded, produc- 
ing outpocketing and irregular spaces 
which anastomosed. The epithelium was 


Fig. 8—Seminal vesicle 
of a mature bull. H & E 
stain; x 430. 
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primarily high columnar cells which ap- 
peared pseudostratified in the mature ac- 
tive gland (fig. 8). In inactive glands, and 
in glands from castrated animals, the glan- 
dular epithelial cells were low columnar to 
cuboidal in shape. The nuclei rested in a 
fairly even row in the basal half of the 
active cells. A basement membrane was not 
found; the epithelium rested on a layer of 
connective tissue containing elastic fibers 
and capillaries and, in its deeper part, on 
smooth muscle fibers. The outer surface of 
the gland was confined by a layer of con- 
nective tissue and smooth muscle from 
which septa extended into the submucosal 
areas of the gland itself. 

The secretion in an active gland appeared 
as a lightly eosinophilic mass, partially or 
completely filling the lumen of the secre- 
tory areas. The secretory mass was not 
homogenous but exhibited many irregular, 
densely packed globules. When this mass 
was removed, the secretory globules were 
seen in the distal portions of the secreting 
eells or on their surfaces. Occasionally, 
basophilic, calcified concretions were ob- 
served in the lumina of the secretory por- 
tion of the glands of mature animals. 

As the ducts from the secreting areas 
joined to form larger ducts, the epithelium 
became lower, until the primary duct was 
lined by stratified epithelium. 


THE BULBOURETHRAL GLANDS 


The bulbourethral glands basically were 
of the tubuloalveolar type. The secreting 
portions were oval or round to irregular in 
shape and were arranged in small lobules. 
The lobules were organized into lobes and 
the lobes into the complete gland. ~ 

The epithelial cells basically were colum- 
nar and, in an active gland, the nuclei 
were in the basal portions of the cells (fig. 
9). In immature animals, or in the inactive 
glands of castrated animals, the cells were 
low columnar to cuboidal in shape, and the 
lumina of the secretory areas of the gland 
were collapsed or reduced in size. The cyto- 
plasm of tall active cells was filled by many 
mucoid-like droplets. If the secretion was 
retained in the lumen of an alveolus, the 
columnar cells appeared somewhat com- 
pressed or flattened, due to pressure of the 
secretion. 

No basement membrane was observed, 
and the epithelium rested on a layer of 
connective tissue that was similar in struc- 


ture to that of the seminal vesicles. This 
subepithelial layer contained elastic fibers, 
capillaries, and a variable amount of 
muscle. The surrounding muscle was the 
striated urethral muscle. The connective 
tissue septa of the gland proper contained 
smooth muscle fibers. The capsule sur- 
rounding each gland was fibrous connective 
tissue, from which septa extended into the 
gland to form the supporting structure. 

The duct system developed from a junc- 
tion of the lumina of the tubular secreting 
portions. The columnar secreting cells, 
initially high, became shorter and fewer, 
but the number of cell layers increased as 
the ducts approached the urethra. The epi- 
thelium became stratified just before the 
ducts joined the urethra. 


PENIS 


The penis was a strong, fibrous, inelastic 
organ. The crura consisted of heavy fibrous 
connective tissue cylinders which contained 
erectile tissue and were covered by the stri- 
ated ischiocavernosus muscle. The fibrous 


Fig. 9—Bulbourethral gland of a mature bull. 
H&E stain; x 380. 
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Fig. 10—Epithelium of the glans penis of a ma- 
ture bull. H&E stain; x 430. 


connective tissue layer was attached to the 
periosteum of the ischium. The erectile 
tissue of the crura was less fibrous than 


Fig. 11—Epithelium of the prepuce of a mature 
bull. H&E stain; x 345. 


that of the body of the penis with which it 
was continuous. 

The basic supporting structure of the 
penis consisted of an outer layer of heavy 
fibrous connective tissue, called the tunica 
albuginea. This tunic enclosed the corpus 
cavernosum penis, the corpus cavernosum 
urethra, and the urethra. The corpus cav- 
ernosum penis was basically erectile tissue 
that had little erectile ability. The caver- 
nous venous spaces of the erectile tissue 
were separated by septa which contained 
much fibrous tissue and had little elasticity. 

Two well-developed arteries ran the 
length of the corpus cavernosum penis, in 
the area dorsolateral to the urethra. These 
arteries were continuations of the deep ar- 
teries of the penis. Though the blood sup- 
ply was good, the erectile property of the 
corpus cavernosum penis was poor, due to 
the large amount of fibrous connective tis- 
sue in the septa between the cavernous 
spaces. 

In the region of the glans, the erectile 
tissue of the penis gradually was reduced 
in amount, smooth muscle appeared, the 
connective tissue septa from the tunica 
albuginea became more prominent, and the 
fibrous anterior three to four inches of the 
organ tapered to a point. The fibrous an- 
terior part was covered by the poorly de- 
fined glans penis. 

The glans penis consisted of loose con- 
nective tissue, several branches of the dorsal 
arteries of the penis which passed into the 
area, a few large veins, and numerous 
nerves and nerve endings. Histologically, 
there was little typical erectile tissue 
present. 

Beneath the tip of the body of the penis, 
the urethral process lay attached longi- 
tudinally to the glans penis. This process 
contained the terminal part of the urethra 
and a small amount of the corpus caver- 
nosum urethra. The glans penis and ureth- 
ral process were covered by stratified squa- 
mous epithelium that was continuous with 
that of the prepuce (fig. 10). 

A gross observation by McLeod,”® who 
reported that the urethral groove was con- 
verted into an urethral canal by fibrous 
connective tissue extensions of the tunica 
albuginea of the penis, was confirmed by 
the microscopic examinations made in this 
study. This canal limited the expansion of 
the corpus cavernosum urethra and the 
lumen of the urethra. 
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THE PREPUCE 


The epithelial lining of the prepuce was 
stratified squamous, hairless, and had a 
lightly cornified superficial layer (fig. 11). 
The epithelium was several cell layers 
thicker than that of the neighboring skin. 
The subepithelial tissue was a loose areolar 
connective tissue that gave the prepuce 
great flexibility. 

There was an abrupt change in the type 
of epithelium at the preputial-skin junc- 
tion and at the anterior urethral orifice on 
the urethral process. In the first area, the 
stratified squamous epithelium of the pre- 
puce joined with the stratified squamous 
epithelium of the skin, where hair and 
sebaceous glands were added. 

In the second area, the stratified squa- 
mous epithelium over the glans met the 
transitional epithelium of the urethra at 
the urethral orifice. In contrast, the change 
was gradual as the preputial epithelium 
was reflected over the glans, but the epi- 
thelium was slightly thicker over the glans 
proper. The subepithelial tissue was denser, 
and the epithelium more firmly attached as 
the apex of the glans was approached. 
McLeod *® stated that when erevtion oc- 
curred, the prepuce was laid over the shaft 
of the penis, thus protecting the penis with 
the stratified squamous epithelium of the 
prepuce. 


THE Scrotum 


The wall of the scrotum consisted of a 
thin layer of skin on the outside, a layer of 
smooth muscle cells, a layer of fascia, and 
the tunica vaginalis communis, which com- 
prises the serous inner layer. 


THE MuscLEs 


The cremaster externus muscle was a 
band of striated muscle that attached to 
the tunica vaginalis communis over the 
testicle. The cremaster internus muscle con- 
sisted of a group of indistinct smooth mus- 
cle fibers within the structure of the sper- 
matic cord. 

The bulbocavernosus muscle was striated 
muscle that surrounded the bulbous part 
of the extrapelvic urethra at the ischial 
arch. 

The retractor penis muscle was composed 
of nonstriated muscle. It began at the first 
eoceygeal vertebra and inserted on the ven- 
tral surface of the body of the penis an- 
terior to the sigmoid flexure. 


The protractor prepuce muscle was stri- 
ated muscle that began in the abdominal 
fascia near the umbilicus and attached to 
the preputial fascia near the preputial 
orifice. 

The retractor prepuce muscle was a stri- 
ated muscle that began in the abdominal 
fascia near the external inguinal ring and 
inserted in the preputial fascia behind the 
insertion of the protractor prepuce muscle. 

The ischiocavernosus muscle was a stri- 
ated muscle that covered the crus of the 
penis near the ischial arch. 

Although the muscles were described 
singly in the preceding, all were paired. 


SUMMARY 


The majority of previous assumptions 
regarding the histology of the genital sys- 
tem of the bovine male were found to be 
correct. The following points, which were 
not previously reported, or could not be 
assumed, were observed: 

1) The urethra, surrounded by fibrous 
connective tissue, lay in an enclosed canal 
rather than in a groove. 

2) Microscopically, the fibrous connec- 
tive tissue surrounding the urethral canal 
was found to be continuous with the con- 
nective tissue of the tunica albuginea of 
the penis. 

3) Microscopically, the accessory genital 
organs of a castrated male more closely 
resembled the organs of an immature calf 
than the organs of a mature bull. 

4) The erectile ability of a bull’s penis 
was found to be limited not only by the 
heavy fibrous tissue tunica albuginea, but 
also by extensive fibrous tissue septa within 
the erectile tissue. 

5) The epithelium of the prepuce and 
glans penis were similar in structure, but 
varied slightly in the thickness and in the 
density of the subepithelial attachment. 

6) Lymphocytes ir the epithelium of the 
anterior part of the urethra were not un- 
common in the mature bull. 
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Conference on Histopathology of 
Experimental Avian Lymphomatosis 


A workshop conference was held at the U.S. Re- 
gional Poultry Research Laboratory, East Lansing, 
Mich., on March 17-19, 1958, to study pathological 
material and to express opinions regarding the prin- 
cipal morphological changes that take place follow- 
ing inoculations with cell-free preparations of strain 
RPL 12 and other sources of virus. Pathologists, 
hematologists, and virologists familiar with the 
natural, as well as the experimental, neoplasia of 
chickens, examined a series of specimens from rep- 
resentative cases in which one or the other of the 
two principal manifestations existed. 

The majority of the group agreed to 
following: 

1) The predominant cell of the ‘‘intravascular’’ 
neoplasm induced by cell-free inoculum of strain 
RPL 12 is a very young erythroblast (proerythro- 
blast). 

2) The predominant cell of the ‘‘ extravascular’’ 
neoplasm called visceral lymphomatosis induced by 
cell-free inoculum of strain RPL 12 is a very im- 
mature cell which, on the basis of comparative 
studies, is considered to belong to the lymphocytic 
series. 

3) The naturally occurring (spontaneous) cases 
of visceral lymphomatosis show evidence of a graded 
spectrum of malignancy as exhibited by the pre- 
dominating cell in individual cases. One case of 
visceral lymphomatosis may exhibit an immature 
type cell, whereas another may exhibit a relatively 
mature type cell. Thus, the predominant cell proba- 
bly belongs to the same developmental series, but at 
a different state of maturation. 

4) As judged by the gross and microscopic char- 
acter of the lesions, the disease designated as vis- 
ceral lymphomatosis produced by cell-free material 
from strains RPL 12, 16, and 23 is similar to 
naturally occurring visceral lymphomatosis. 

5) The disease designated as erythroblastosis is 
regarded as arising from neoplastic proliferation of 
the sinusoidal endothelium of the bone marrow. 

6) The designation ‘‘ visceral lymphomatosis’’ 
is regarded as a broad term indicating neoplasia 
of cells of the lymphocytic series which, in individ- 
ual cases, shows varied degrees of malignancy. In 
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any given case, the degree of the malignancy could 
be expressed by the use of such terms as lympho- 
blastomatosis for the tumors of the more immature 
cell type, or lymphocytomatosis for those of the 
more differentiated ones. 


Research Tools 


Further information on these products may be 
obtained by writing to: Research Tools, American 
Veterinary Medical Association, 600 S. Michigan 
Ave., Chicago 5, Ill. 


Medical Crematory Destri:stor 


A medical erematory destructor for destroying 
diseased organic matter and other medical wastes 
has been developed by the Silent Glow Burner 
Corp. 


The operation of this unit is smokeless, odorless, 
and fly-ash free. The casing is constructed of 
heavy electrically welded steel, coated with a finish 
to prevent corrosion. The unit is mounted on heavy 
steel skids. The interior is of an insulated refrac- 
tory construction; refractory temperature ratings 
allow an adequate temperature margin. 

The unit uses No. 2 fuel oil and has an auto- 
matic ignition, automatic temperature control, and 
an automatic timer. Controls prevent the opening 
of the charge chamber door until necessary tem- 
peratures or complete destruction have been 
attained. 
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New Magnetic Stirrer 


The rigid clamp of a newly designed magnetic 
stirrer, manufactured by Arthur S. LaPine and 
Co., is cast integrally with the base so that the 
stirrer can be mounted on a support rod or used 
on a bench top with or without the support rod. 

A shaded pole electric motor spins the Alnico V 
permanent bar magnet horizontally about the mo- 
tor axis and the molded stirring bar in the vessel 
follows the rotating magnetic field, stirring with- 
out any mechanical coupling. Increasing the motor 


speed by raising the rheostat setting causes a vor- 
tex in the liquid, resulting in an effective stirring 
action. 

The diameter of the housing is 4%4 inches, and 
the total height is 34% inches. The clamp accom- 
modates rods of up to %-inch diameter. Distance 
from the center of the support rod to the center 
of the stirrer is the standard 4% inches. Any non- 
magnetic vessel may be used. 


Coordinate Plate and Film Comparator 


A new optical measuring instrument (Coordinate 
Plate and Film Comparator, developed by Gaert- 
ner Scientific Corp., has been designed for pre- 
cise coordinate measurements on plates and films 
and is especially useful for ultracentrifuge and 
electrophoresis plates and films. 

The instrument reads to 0.002 mm., has a stand- 
ard magnification of X 15, and a measuring range 
of 50 mm. by 100 mm. Magnification can be 
changed by the use of interchangeable objectives. 
Larger size plates or films can be accommodated 
by accessory plate holders. 

Instead of the conventional eyepiece, an erect- 
ing projection head displays the image on an 
ll-em. projection screen. The instrument has full 


50-mm. precision measuring screws and a stage 
rotation of +5 degrees for plate alignment. The 
high-intensity substage illuminator, collimator, 
fresnel lens, and light shield make it possible to 
view the image under ordinary room lighting con- 
ditions. 

The instrument is available with a square co- 
ordinate stage or with a round 360-degree rotary 
stage. The rotary stage reads to one minute of 
are and is valuable where angles or polar coordi- 
nates must be measured. Both instruments are 
calibrated either in the inch or in the metric 
system. 


Versatile Radioactivity Counter 


A cold cathode glow tube sealer for general 
radioactivity counting, designed for integral pulse 
height analysis in scintillation or proportional 
counting, is being manufactured by Baird-Atomie, 
Ine. 


This new model (B-A Model 131 A), a version 
of the Dekatron glow tube scaler, has a 7-decade 
capacity and a built-in timer for variable preset 
timing. It contains an ultralinear, ultrastable ex- 
pander amplifier-type pulse height selector, a re- 
solving time of less than 5 microseconds, and an 
electronic scale of 1,000 followed by a 4-digit 
electromechanical register. The plug-in construe- 
tion sub-units are removable from the front. 

This model may be used with any compatible 
preamplifiers and high voltage supplies to form 
ultrastable counting systems. 
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dry and lactating cows 
NEW SQUEEJET™ | 


single-dose dispenser for 


FURACIN’ SOLUTION veterinary 


brand of nitrofurazone 


“4 


@ delivers one full dose @ is discarded after using 
@ savestime @ is convenient, especially when a number 


of cows are to be treated @ unique package 


*design patented 


FurAcIN has been shown to be strikingly effective in controlling mastitis under field 
conditions. 1+" Of 7,123 lactating cows with acute mastitis, fair to excellent results 
were obtained in 5,597 (78%). Of 3,418 dry cows which had had mastitis during their 
previous lactating period, fair to excellent results were obtained in 3,104 (90%). 


suppuied A water-miscible liquid of FURACIN 0.2% in polyethylene glycol and water. 
Single-dose SQUEEJET disposable dispenser of 30 cc. Still available, bottles of 500 cc. 
with rubber stopper and 1 gal. 


1. Mires, M. H., and Chadwick, R. H.: Vet. News 10:3 (Jan.-Feb.) 1947. 2. Mires,M. fi.: J. Am. Vet. M. Ass. 117:49 (July) 1950. 
} All Eaton Veterinary Specialties Are Available Through Your Professional Veterinary Distributor. 
NITROFURANS—a new class of antimicrobials— neither antibiotics nor sulfonamides 


EATON LABORATORIES, NORWICH, NEW YORK 
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new research facilities for 
PITMAN-MOORE COMPANY 


Division of Allied Laboratories, Inc. 


A new center for research in both human and veterinary 
medicine is under construction by Pitman-Moore Company at a cost of 
approximately $1,500,000. When completed, early in 1959, 
this new building will add 41,000 square feet of space for laboratories, 
offices, and technical equipment in the company’s 
Research Center near Zionsville, Indiana. 


The Indianapolis 
laboratories, 
where 
pharmaceuticals 
are produced, 


Within this organization 
originated the policy: 
Sales to Graduate 
Veterinarians ONLY 


PITMAN-MOORE COMPANY, DIVISION OF 
ALLIED LABORATORIES, INC, 


The Zionsville INDIANAPOLIS 6, INDIANA 


laboratories, 
where 
biologicals 
are produced, 
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